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TO THE READER 



The well-merited celebrity and eminent character of 
NICHOLSON'S OPERATIVE MECHANIC AND 
BRITISH MACHINIST, are so fully established, that no 
commendation need be bestowed on a production which 
deservedly ranks as the first of all works hitherto published 
on the Literature of the Useful Arts : but as many divisions 
of that work, however interesting they may be to the general 
student, or important and useful to the intelligent Operative 
in their particular departments, may nevertheless possess 
only a secondary interest to persons not immediately en- 
gaged in those peculiar pursuits, the Proprietor of that work 
has printed the Section on BUILDING separately from the 
rest of the work, in order to furnish an invaluable manual 
to those engaged in the various occupations of that division 
of practical science, at a very moderate expence. 

As a clear, concise and easy INTRODUCTION TO 
THE PRINCIPLES OF GEOMETRY AND MEN- 
SURATION is highly desirable to all persons engaged in 
Building, a few pages of APPENDIX are added, with 
the requisite explanatory Engravings, in order to furnish 
an interesting source of valuable instruction to the scientific 
mechanic, and to explain with great ease many useful pro- 
blems, which will facilitate the comprehending a great 
number of important calculations and operations, which a 
long course of practical experience, unassisted by such 
help, might in vain endeavour to efiect. 
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Undsr this general term, which implies the construction 
of an edifice according to the rules laid down by the differ- 
ent artificers employed, we purpose to treat of the respect- 
ive business of the Mason, Bricklayer, Carpenter, Joiner, 
Plasterer, Plumber, Painter, and Glazier; previous to which 
it will be necessary to consider the sinking of the foundatioUj 
the due mixture of the ingredients which compose the 
mortar, and the art of making bricks ; 'upon the whole of 
which materially depends the stability of an edifice. 

As firmness of foundation is indispensable, wherever 
it is intended to erect a building, the earth must be pierced 
by an iron bar, or struck with a rammer, and if found to 
shake, must be bored with a well-sinker's implement, in 
order to ascertain whether the shake be local or general. 
If the soil is in general good, the loose and soft parts, if 
not veiy deep, must be excavated until the labourers arrive 
at a solid bed capable of sustaining the pier or piers to be 
built. If not very loose, it may be made good by ramming 
into it very large stones, packed close together, and of a 
breadth proportionate to the intended weigfit of the build- 
ing ; but where very bad, it must be piled aifd planked. 

In places where the soil is loose to any great depth, and 
over which it is intended to place apertures, such as doors, 
windows, &c. while the parts on which the piers are to 
stand are firm, the best plan is to turn an inverted arch un- 
der each intended aperture, as then the piers in sinking will 
carry with them the inverted arch, and by compressing the 
ground compel it to act against the under sides of the arch, 
which, if closely jointed, so far from yielding, will, with 
the abutting piers, operate as one solid body ; bnt, on the 
contrary, if this expedient of the inverted arch is not 
adopted, the part of the wall under the aperture, being of 
less height, and consequently of less weight than the piers, 
will give way to the resistance of the soil acting on its base, 
and not only injure the brick-work between the apertures, 
but fracture the window-heads andcills. 
2m 
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Id constructing so essential a part as the arch, great at- 
tention must be paid to its curvature, and we strongly re- 
commend the parabolic curve to be adopted, as the most 
effectual for tiie purpose ; but if, in consequence of its 
depth, this caimot conveniently be introduced, the arch 
should never be made less than a semi-circle. The bed of 
the piers should be as uniform as possible, for, though the 
bottom of the trench be very firm, it will in some degree 
yield to the great weight that is upon it, and if the soil be 
softer in one part than in another, that part which is the 
softest, of course will yield more to the pressure, and cause 
a fracture. 

If the solid parts of the trench happen to be under the in- 
tended apertures, and the softer parts where piers are want- 
ed, the reverse of the above practice must be resorted to j 
that is, the piers must be built on the firm parts, and have 
an arch that is not inverted between them. In performing 
this, attention must be paid to ascertain whether the pier 
will cover the arch ; for if the middle of the pier rest over 
the middle of the summit of the arch, the narrower the 
pier is, the greater should be the curvature of the arch at 
Its apex. When suiitended arches are used, the intrados 
ought to be kept clear of the ground, that the arch may 
bare its due effect. 

When the ground is in such a state as to require the foun- 
dation merely to be rammed, the stones are hammer-dress- 
ed, so as to be aB little taper as possible, then laid of a 
breadth proportioned to the weight that is to be rested upon 
them, and afterwards well rammed together. In general, 
the lower bed of utAnes may be allowed to project about a 
foot from the face of the wall on each side, and on this bed 
another course may be laid to bring the bed of stones on a 
level with the top of the trench. The breadth of this 
upper bed of stones should be four inches less than the lower 
one ; that is, projecting about eight inches on either side 
of the wail. In all kinds of walling, each joint of every 
course must fall as nearly as possible in the centre, be- 
tween two joints of the course immediately below it j for 
in all the various methods of laying stones or bricks, the 
principal aim is to procure the greatest lap on each other. 



In making mortar, particular attention must be paid 
to the quality of the sand, and if it contain any propor- 
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Uon of clay or mud, or is brought from the sea-shore and 

contains saline particles, it must be washed in a stream 

I of clear water till it be divested of its impurities. The 

} necessity of the first has been clearly proved by Mr, Smeaton, 

who, in the course of a long and meritorious attention to 

his profession of an engineer, has found, that when mortar, 

though otherwise of the best quality, is mixed with a small 

proportion of unburnt clay, it never acquires that hardnesa 

' which, without it, it would have attained ; and, with respect 

J to the second, it is evident, tliat so long as the sand contains 

I taline particles it cannot become hard and dry. The sharper 

I «nd coarser the sand is the better for the mortar, and the less 

F the quantity of lime to be used; and sand being the 

cheapest of the ingredients which compose the mortar, 

re profitable to the maker. The exact proportions 

[ of lime and sand are still undetermined ; but in general no 

; lime is required than is just sufficient to surround 

[ the particles of the sand, or sufficient to preserve the 

necessary degree of plasticity. 

I Mortar, iu which sand forms the greater portion requires 

I less water in its preparation, and consequently is sooner 

It is also harder and less liable to shrink in drj'ing, 

[ because the lime, while drying, has a greater tendency to 

J shrink than sand, which retains its original magnitude. 

I The general proportions given by the London builders is Ij 

cwt., or 37 bushels, of lime to 2^ loads of sand ; but if 

proper measures be taken to procure the best burnt lime 

and the best sand, and in tempering the materials, a greater 

portion of sand may be used. There is scarcely any 

mortar that has the lime well calcined, and the com- 

I position well beaten, but that will be found to -require 

two parts of sand to one part of unslacked lime ; and it is 

worthy of observation, that the more the mortar is beaten 

the less proportion of lime suffices. 

Many experiments have been made with a view to obtain 
the most useful proportion of the ingredients, and among 
the rest Dr. Higgins has given the following : — 

Lime newly sliicked one part, 
Fine Band three parti; and 
Ooajie sand four patti. 

He also found that one-fourth of the lime of bone-ashes 
greatly improved the mortar, by giving it tenacity, and ren- 
dering it less liable to crack in the drying. 

It is best to slack the lime in small quantities as required 
2m2 



I 
I 



532 THE OPBRATIVB MECHANIC 

for tise, about a bushel at a time, in order to secure to the 
tnorlar such of its qualities as would evaporate were it 
allowed to remain slacked for a length of time. But if the 
inorCar be slacked for any considerable time previous to 
being used, it should be kept covered up, and when wanted 
be re-beaten. If care be taken to secure it from the action 
of the atmosphere, it may thus remain covered up for a 
considerable period without its strength being in the least 
affected ; and, indeed, some advantages are gained, for 
it sets sooner, is less liable to crack in the drying, and is 
harder when dry. 

Grout, which is a cement containing a larger proportion 
of water than the common mortar, is used to run into the 
narrow interstices and irregular courses of rubble-stooe 
walls ; and as it is required to concrete in the course of a 
day, it is composed of mortar that has been a long time 
made and thoroughly beaten. 

Mortar, composed of pure lime, sand, and water, 
may be employed in the linings of reservoirs and aque- 
ducts, provided a sufficient time is allowed for it to dry 
before the water is let in; but if a sufficient time is not 
allowed, and the water is admitted while the mortar is wet, 
it will soon fall to pieces. There are, ho^fever, certain in- 
gredients which may be put into the common mortar to 
make it set immediatelyunder the water ; or, if the quick- 
lime composing the mortar contain in itself a certain por- 
tion of burnt clay, it will possess this property. For further 
information on this heacl the reader is referred to the 
sub-head — Plastering . 

BnicKs. 

The earth best adapted for the manufacture of brick is of 
aclayeyloam, neither containing too much argillaceous mat 
ter, which causes it to shrink in the drying, nor too much 
sand, which has a tendency to render the ware both heavj 
and brittle. It should be dug two or three years before it 
is wrought, that it may, by an exposure to the action of the 
atmosphere, lose the extraneous matter of which it is pos- 
sessed when first drawn from its bed j or, at least, should 
be allowed to remain one winter, that the frost may mellow 
and pulverize it sufficiently to facilitate the operation of 
tempering. As the quality of the brick is greatly dependent 
upon the tempering of the clay, great care should be taken 
to have this part of the process well done. Formerly the 
manner of performing it consisted in throwing the clay into 
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gballow pits, and subjecting it to the tread of men and 
oxen ; but this method has of late been superseded by the 
clay or pug mill, which is a very eligible, though simple 
machine. 

The clay or pug mill consists of a large vertical cone, 
having strong knives with a spiral arrangement and incltna- : 
tion fixed on its internal surface. Passing through the 
centre, and terminating in a pivot at the bottom, is a strong 
perpendicular shaft with similar radiating knives, so that 
the knives by the revolution of the shaft, cut, separate, and 
purify the clay, till it be reduced to a homogeneous paste, 
which passes through an orifice at the bottom into a receiver 
placed for that purpose. The clay is taken from the re- 
ceiver to the moulder's bench, and is, either by a tad or a 
woman, cut into pieces somewhat larger than the mould, 
and passed on to the moulder, who works it into a mould, 
previously dipped in sand, and strikes off the superfluous 
parts with a flat smooth piece of wood. In this country the 
mould used is about ten inches in length, and five inches in 
breadth, and the bricks when burnt are about nine inches 
long, four and a half inches broad, and two and a half inches 
thick. The degree of shi'inging, however, is varioua, ac- 
cording to the temper and purity of the clay, and the de- 
gree of heat attained in the burning. A handy moulder is 
calculated to mould from about 5000 to 7000 per day. From 
the moulder's bench tlie bricks arecanied to the hack, and 
arranged somewhat diagonally, one above the other, and two 
edgewise across, with a passage between the heads of each 
for the admission of air, till they be eight bricks in height. 
They are then left to dry. The time they take ere they re- 
require shifting depends entirely upon the weather, which 
when fine will be but a few days : they are then turned and 
re-set wider apart, and in six or eight days are ready for the 
clamp or kiln. 

Clamps are generally used in the vicinity of London. 

ley are made of the bricks to be burnt, and are commonly 

'of an oblong form. The foundation is made either with the 

driest of the bricks just made, or with the commonest kind 

of brick, called place bricks. The bricks to be burnt are 

arranged tier upon tier as high as the clamp is intended to 

be, and a stratum of breeze or cinders to the depth of two 

hree inches is strewed between each layer of bricks, and 

whole is finally covered with a thick stratum of breeze. 

,t the west end of the clamp a perpendicular fire-place of 

feet in height is canstructcd, and flues ate formed 
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by arching the bricks over so as to leave a space of about 
a brick in width. The flues mn straight through the clamp, 
and are filled with a mixtDre of coals, wood, and breeze, 
which are pressed closely together. If the bricks are re- 
quired to be burnt off quickly, which can be accomplished 
in the space of from twenty to thirty days according to the 
state of the weather, the flues must not exceed six feet dis- 
tance apart ; but if there is no urgent demand, the flues 
ufied not be nearer than nine feet, and the clamp may be 
allowed to burn slowly. 

Coke has been recommended as a more suitable fuel for 
bricks than either coal or wood, as the dimensiooa of the 
flues and the stratum of the fuel are not required to be so 
great, which, since the measurement of the clamp has been 
restricted to certain limits by the interference of the le^- 
lature, is a point of some consideration ; besides, the heat 
arising from the coke is more uniform and more intense than 
what is produced by the other materials, so that the burn- 
ing of the bricks is more likely to be perfect through- 
out. The saving which is thus produced may be calculated 
at about 32 per cent. 

Kilns are also in common use, and are in many respects 
preferable to the clamp, aa leas waste arises, less fuel is 
consumed, and the bricks are sooner burnt. A kiln will 
burn about 20,000 bricks at a time. The walls of a kiln are 
about a brick and a half thick, and incline inwards towards 
the top, so that the area of the upper part is not more than 
114 square feet. The bricks are set on flat arches, with 
hnles left between them, resembling lattice-work ; and, 
when the kiln is completed, are they covered with pieces of 
broken bricks and tiles, and some wood is kindled and put 
in to dry them gradually. When sufiiciently dried, which 
is known by the smoke changing from a dark to a light 
transparent colour, the mouths of the kiln are itopped 
with pieces of brick, called shtnlog, piled one upon ano- 
ther, and closed over with wet brick-earth. The shinlogs 
are carried so high as just to leave room for one faggot to 
be thrust into the kiln at a time, and when the brush-wood, 
furze, heath, faggots, &c. are put in, the fire is kindled, 
and the burning of the jiiln commences. The fire is kept 
up till the arches assume a white appearance, and the 
flames appear through the top of the kiln ; upon which the 
fire is allowed to slacken, and the kiln to cool by degrees. 
This process of alternately heating and slacking the kiln is 
continued till the bricks are thoroughly burnt, which, in 
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general, is ia the space of forty-eight hours. The practice 
of steeping bricks in water after they have been burned, 
and then burning them again, has the effect of considerably 
improving the quality. 

iSricks are of several kinds, the most usual of which are 
mavh, stocks, and place bricks ; but there is little dif- 
ference in the mode of manufacturing them, except that 
great care ia taken in preparing and tempering the marls. 

The finest marls, called fii'sts, are selected for the arches 
of dooi'ways, &c. and are rubbed to their proper form and 
dimensions : and the next best, called seconds, for the 
principal fronia. The colour, a light yellow, added to the 
smooth texture, and superior durability of Che marls, give 
them the precedence of the other descriptions of brick. 

Grey stocks are somewhat like the seconds, but of infe- 
rior quality. 

Place bricks, sometimes called pickings, sandal, or samel 
bricks, are such as from being the outermost in the clamp 
or kiln, have not been thoroughly burned, and are, in con- 
sequence, soft, of uneven texture, and of a red colour. 

There are also burrs or clinkers, arising from the bricki 
being too violently burned, and sometimes several bricks are 
found run together in the kiln. They derive their colour from 
the nature of the soil of which they are composed, which, 
in general, is very pure. The best kind are used as cutting 
bricks, and are called red rubbers. In old buildings tbey 
are very frequently to be seen ground to a fine smooth sur- 
face, and set in putty instead of mortar, as ornaments over 
arches, windows, door-ways, &c. ; but though there are 
many beautiful specimens of red brick-work, yet these 
bricks cannot be judiciously used for the front walls of build- 
ings. This objection arises from the colour being too heavy, 
and from its conveying to the mind, in the summer months, 
an unpleasant idea of heat ; to which may be added, that as 
the fronts of the buildings have a greater or less proportion 
of stone and painted wood-work, the contrast in the colours 
is altogether injudicious. The colour of grey stocks, 
on the contrary, assimilates so much with the stones and 
paint, that they have obtained, in and near London, univer- 
sal preference, 

At the village of Hedgerley, near Windsor, red bricks 
are made which will stand the greatest heat : they are called 
Windsor bricks. 

Bricks used for paving, are generally about an inch and a 
half in breadth ; and, beside these, there are paving tilee. 
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which are made of a stronger clay, and are of a red colour. 
The largest are abont twelve inches square, and one inch 
and a half thick : the next, though called ten-inch tiles, are 
about nine inches square, and one inch and a quarter thick. 
About the year 1795, a patent was obtained by Mr. Cart- 
wright, for an improved system of making bricks, of 
which the following^ extract will furnish the reader with 
all necessary information. 

*' Imagine a common brick* with a groove or rabate on eacb side down 
the middfo, rather more than half the width of the side of the brick ; a 
shoidder wiU thus be left on either side of the groove, each of which wiU 
be nearly equal to one quarter of the width of the side of the brick, or to 
one half of the groove or rebate. A course of these bricks being laid 
shoulder to shomder, they will form an indented line of nearly equal 
divisions, the grooves or rebates being somewhat wider than the ad- 
joining shoulders, to allow for the mortar or cement. When the course 
IS laid on, the shoulders of the bricks, which compose it, will fall into 
grooves of the first course, and the shoulders of the first course, will fit 
into the grooves or rabates of the second, and so with every succeeding 
course. Buildings constructed with this kind of brick, will require no 
bond timbers, as an universal bond runs through the whole building, and 
holds all the parts together ; the walls of which will neither crack nor 
bilge without breaking through themselves. When bricks of this con- 
straction are used for arches, the sides of the |prooves should form the 
radii of the circle, of which the intended arch is a segment ; yet if the 
circle be very large, the difference of the width at the top and bottom will 
be so very thfling, as to render a minute attention to this scarcely if at all 
necessarv. In arch-work, the bricks may either be laid in mortar, or dry, 
and the interstices afterwards filled up by pouring in lime, putty, plaster of 
Paris, &c. Arches upon this principle, haviug any lateral pressure, can 
neither expand at the foot, nor spring at the crown, consequently they 
want no abutments, requiring only perpendicular walls to be let into, or 
to rest upon ; neither will they want any superincumbent weight on the 
crown to prevent their springing up. The centres also may be struck 
immediately, so that the same centre, which never need be many feet 
wide, may be regularly shifted as the work proceeds. But the most 
striking advantage attending this invention is, the security it affords 
against the ravages of fire ; for, from the peculiar properties of this 
kmd of arch, requiring no abutments, it maj be laid upon, or let into 
common walls, no stronger than what is required for timbers so as to ad- 
mit of brick floorings.'* 

Having said thus much on the laying of the foundation, 
the mixing of the mortar, and the manufacture of the 
brick, we shall next proceed to treat on the principles of 
the art of masonry, as practised in the present day. 

MASONRY, 

Is the art of cutting stones, and building them into a 
mass, so as to form the regular surfaces which are required 
in the construction of an edifice. 
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The chief business of the mason is to prepare the sloiies, 
make the mortar, raise the wall with the necessary breaks, 
projeetions, arches, apertures, &c., and to construct the 
vaults, &c. as indicated by the design. 

A wall built of unhewn stone, whether it be built with 
mortar or otherwise, is called a rubble wall. Rubble work 
is of two kinds, coursed and uncoursed. In coursed rub- 
ble the stones are gauged and dressed by the hammefj 
and thrown into different heaps, each heap containing stones 
of equal thickness ; and the masonry, which may be of dif- 
ferent thicknesses, is laid in horizontal courses. In un- 
coursed rubble the stones are placed promiscuously in the 
wall, without any attention being paid to the placing them 
in courses ; and the only preparation the stones undergo, 
is that of knocking off the sharp angles with the thick 
end of a tool called a scabling hammer. Walls are ge- 
nerally built with an ashlar facing of fine stone, averaging 
about four or five inches in thickness, and backed with rub- 
b-e work or brick. 

Walls backed with brick or uncoursed rubble, are liable 
to become convex on the outside, from the great number 
of joints, and the difficulty of placing the mortar, which 
shrinks in proportion to the quantity, in equal portions, 
in each joint ; consequently, walls of this description are 
much inferior to those where the facing arid backing aro 
built of the same material, and with equal care, even though 
both of the sides be uncoursed. When the outside of a 
wall is faced with ashlar, and the inside is coursed rubble, 
the courses of the backing should be as high as possible, 
and set within beds of mortar. Coursed rubble and brick 
backings are favourable for the insertion of bond timber ; 
but, in good masonry, wooden bonds should never be in 
continued lengths, as in case of cither fire or rot the wootl 
will perish, and the masonry will, by being reduced, be 
liable to bend at the place where the bond was inserted. 

When timber is to be inserted into walls for the purposes 
of fastening buttons for plastering, or skirting, &c., the 
pieces of timber ought to be so disposed that the ends of 
the pieces be in a line with the wall. 

In a wall faced with ashlar, the stones are generally about 
2 feet or 2.^ fiBet in length, VI inches in height, and 8 inches 
in thickness. It is a very good plan to incline the back of 
each stone, to make all the backs thus inclined run in the 
same direction, which gives a small degree of lap in the 
setting of the next course ; whereas, if the backs are paral ■ 
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lei lo the front, there can be no lap where the Btooes mn of 
an equal depth in the thickness of the wall. It is also ad> 
yantageous to the stability of the wall to select the stones, so 
that a thicker and a thinner one may succeed each other 
alternately. In each course of ashlar facing, either with 
rubble masonry, or brick backing, thorough-stones should 
occasionally be introduced, and their number be in pro- 
portion to the length of the course. In every succeeding 
course, the thorough stones should be placed in the middle 
of every two thorough-stones in the course below ; and 
this disposition of bonds should be punctually attended to 
in all cases where the courses are of any great length. 
Some masons, in order to prove that they have introduced 
sufficient bonds into their work, choose thorough-stones of 
a greater length than the thickness of the wall, and after- 
wards cut off the ends ; but this is far from an eligible plan, 
OS the wall is not only subject to be shaken, but the stone is 
itself apt to split. In every pier, between windows and 
other apertures, every alternate jamb-stone ought to go 
through the wall with its bed perfectly level. When the 
jamb-stones are of one entire height, as is frequently the 
case when architraves are wrought upon them, upon the 
lintel crowning them, and upon the stones at the ends of 
the courses of the pier which are adjacent to the architrave- 
jamb, every alternate stone ought to be a thorough-stone: 
and if the piers between the apertures be very narrow, no 
other bond-stone isreqoired; but where the piers are wide, 
the number of bond-stones are proportioned to the space. 
Bond-stones must be particularly attended to in all long 
courses below and above windows. 

All vertical joints, after receding about an inch with a close 
joint, should widengradually to the back, thereby forminghol- 
low spaces of a wedge- like figure, for the reception of mortar, 
rubble, &c. The adjoining stones should have their beds and 
vertical joints filled, from the face to about three quarters 
of an inch inwards, with oil and putty, and the rest of the 
beds must be filled with welt-tempered mortar. Putty ce- 
ment wiU stand longer than most stones, and will even 
remain, permanent when the stone itself is mutilated. AU 
walls cemented with oil-putty, at first look unsightly ; but 
this disagreeable effect ceases in a year or less, when, if 
care has been taken to make Che colour of the putty suitable 
to that of the stone, the joints will hardly be perceptible. 

In selecting ashlar, the mason should take care that each 
•tone iiivariablylays on its natural bed ; as from ca'eless- 
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ness in this particular, the stones frequently flush at the 
joints, and sooner admit the corrosive power of the atmos- 
phere to take effect. 

It ought also to be observed, that, in building walls, or 
insulated pillars of small horizontal dimensions, every 
stone should have its bed perfectly level, and be without 
any concavity in the middle; because, if the beds are con- 
cave, the joints will most probably flush when the pillars 
begin to sustain the weight of the building. Care should 
also be taken, that every course of masonry in such piers 
be of one stone. 

Having thus given to the practical mason an outline 
of the subject of walling, we will proceed to the con- 
sideration of the more dilficult branches of the art, that 
of constructing arches and vaults. 

DEFINITIONS. 

An arch, in masonry, is that part of a building which is 
suspended over a given plane, supported only at its extre- 
mities, and concave towards the plane. 

The upper surface of an arch is called the extrados ; and 
the under surface, or that which is opposite the plan, the 
in tr ados. , 

The supports of an arch are called the spring walls. 

The springing lines, are those common to the supports 
and the intrados ; or the line which forms the intersection 
of the arch with the surface of the wall which supports it. 

The chord, or span, is a line extending from one springing 
line to the opposite one. 

Section of the hollow of the arch, is a vertical plane, sup- 
posed to be contained by the span and the intrados. 

The height, or rise of the arch, is a line drawn at right 
angles from the middle of the chord, or spanning line, to 
the intrados. 

The crown of the arch is that part which the extremity of 
the perpendicular touches. 

The haunches, or flanks, of the arch, are those parts of 
the curve between the crown and the springing line. 

When the base of the section, or spanning line, is paral- 
lel to the horizon, the section will consist of two equal and 
similar parts, so that when one is apphed to the other, they 
will be found to coincide. 

Arches are variously named according to the figure of the 
. section of a solid that would iill the void, as circular, ellip- 
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e are also ^H 



tical, cycloidal, catenarian, parabolical, &c. There 
pointed, composite, and lancet, or Gothic arches, 

A rampant arc/t is when the springing lines are of two 
unequal heights. 

When the intrados and extrados of an arch are parallel, it 
is said to be extradossed. 

There are, however, other terms much used by masons ; 
for example, the semicircular are called perfect arches, and 
those less than a semicirclej imperfect, surbused, or dimi- 
nished arches. 

Arches are also called surmounted, when they are higher 
than a semicircle. 

A vault is an arch used in the interior of a building, 
overtopping an area of a given boundary, as a passage, or 
an apartment, and supported by one or more walls, or pil- 
lars, placed without the boundary of that area. 

Hence an arch^n a wall is seldom or never called a vault ; 
and every vault may be called an arch, but every arch can- 
not be termed a vault. 

A groin vault, is a complex vault, formed by the intersec- 
tion of two solids, whose surfaces coincide with the intra- 
dos of the arches, and are not confined to the same heights. 
Anarch is'saitl to stand upon splayed jambs, when the 
springing lines are not at right angles to the face of the wall. 

In the art of constructing arches and vaults, it is neces- 
sary to build them in a mould, until the whole is closed : 
the mould used for this purpose is called a centre. The in- 
trados of a simple vault is generally formed of a portion of 
a cylinder, cylindroid, sphere, or spheroid, that is, never 
greater than the half of the solid : and the springing lines 
which terminate the walls, or when the vault begins- to 
rise, are generally straight lines, parallel to the axis of the 
cylinder, or cylindroid, 

A circular wall is generally terminated with a spherical 
vault, which is either hemispherical, or a portion of a 
sphere less than an hemisphere. 

Evei-y vault which has an horizontal straight axis, is call- 
ed a straight vault ; and in addition to what we have already 
said, the concavities which two solids form at an angle, re- 
ceive likewise the name of arch. 

Anarch, when a cylinder pierces another of a greater dia- 
meter, is called cylindro-cylindric. The term cylindro is 
applied to the cylinder of the greatest diameter, and the 
term cylindric to the less. 
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F a cylinder intersect a sphere of greater diameter than 
^linder, the arch is called a sphero- cylindric arch ; but 
e other hand, if a sphere pierce a cylinder of greater 

meter than the sphere, the arch is called a cylindro-iphe- 

irch, 

F a cylinder pierce a cone, so as to make a complete pcr- 
retion through the cone, two -complete arches will be 
med, called cono-cylindric arches ; but, on the contrary, 
El cone pierce a cylinder, so that the concavity made by 
e cone is a conic surface, the arch is called cylindro-conic 

, in a straight wall, there be a eylindric aperture con- 
■ ag quite through it, two arches will be formed, called 
)~aflindric arches. 

ery description of arch is, in a similar manner to 

above, denoted by the two preceding words ; the 

mer ending in o, signifying the principal vault, or sur- 

B cut through ; and the latter in ic, signifying the de- 

_feription of the aperture which pierces or intersects the wall 

or vault. . 

When groins are introduced merely for use, they may be 
built either of brick or stone ; but, when introduced by way 
of proportion or decoration, their beauty will depend on the 
generating figures of the sides, the regularity of the sur- 
face, and the acuteness of the angles, which should not be 
obtunded. In the best buildings, when durability and 
legance are equally required, they may be constructed of 
wrought stone ; and, when elegance is wanted, at a trifling 
expense, of plaster, supported by timber ribs. 

In stone-cutting, a narrow surface formed by a point or 
chisel, on the surface of a stone, so as to coincide with a 
traight edge, is called a draught. 



^K The formation of stone arches has always been considered 
i^ll^losC useful and important acquisitiou to the operative 
mason ; in order, therefore, to remove any dtlBcultJes 
which might arise in the construction of arches of different 
descriptions, both in straight ana circular walls, we shall here 
introduce a few examples, which, it is hoped, with careful 
examination, will greatly facilitate a knowledge of some of 
the most abstruse parts of the art. 

Fig. 551, No. 1. Tu find the moulds necessarj far the construction of 
■ lemicircular ardi, cutting a straight wall obliquel;'. 
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Let ABCDEFGH hr. the plan of the areU i IKLM the outer line: ' 
and NOPQ the inner line on the elevation. 

ahcde, on theelevation, showsthe bevel of each luint or bed from the I 
face of the wall ; and a Ac Jebelow, give(.the mould for the Eame, whera 
«y oft the elevation eorreaponds with «y Ma. 

The arch mould, fig. 651, No. 2, ia applied on the face of the gtona, 
and on being- applied to the parts of the plan, gives, of course, the bera ' 
of each concave eiile of the stone with the face, Uiat is K to O, on the ele- 



No. I is the elevation of the arch ; and No. S the plan of the bottom 
bed from q to r. 

a to A is what tlie arch gains on the circle from the bottom bed ko tot; 
and c to 1/ is tlie projection of the iiitradus lop, on the joint I. p. 

Noa. 2, 3, 4, are plans of the three arch-stonea, 1, S, 3, in the eleva- 
tion ; and Nub. 5 and 6 are moulds to be applied to the beds of stuna 
1 and 3, in which i e equals i c in No. S, and t m equals t ur in No, 3. 

In No, I, klpo is the arch or face mould. 

When the reader is thoroughly proficient in the cooatruc- 
tion of arches, under given datas, as the circumstances of 
the case may point out, he may proceed to investigate the 
principles of spherical domes and groins. 

Figs. S5S and 554 show the principles of developing the soffits of the 
arches in tlie two preceding- examples. In each the letters of reference 
are Alike, and the operation is precisely the same. 

Let ABDE be the plan of the opening in the wall ; and AFB the 
elevation of the arch: produce the chord AB to C, divide the semicircle 
AFB into nnj number of parts, the more the better, and with the con- 
pasaes set to any one of these divisions, run it aa manj times along AC 
as the semicircle is divided into; then draw lines, perpendicular to BC, 
through every division in the semicircle and the line CA, and set the dit- 
tance lb, 2d, 3/, Sic. respectively equal to a A, e d, ef. Sic. and then by 
tracing a curve through these points, and finding the poiata in the lino 
GD, in the same manner, the soffit of the arch is complete. 

Fig. 555, shows the method of constructing spherical domes. 

No. 1 mould is applied on the spherical surface to the vertical joints ; 
and No. S mould on the same surface to the other joints; and in botk- 
caaes, the mouid tends to the centre of the dome. 

3, 4, h, 6, 7, and 8, arc moulds which apply on the convex surface to 
the horizontal joint, the lines ab, c d, ej, &c. being at right angles to 
the different radii, b e, dc.fc, &e, and produced until they intersect 
the perpendicular ac ; the ailferent intersections are the centres which 
give tlie circular leg of the mould, and the straight part gives the hori> 
' cental joint. 

Fig. 5SG exhibits the plan of a groined vault. 

Lay down the arch, either at the full or half size, on a floor or piece rf 

flour-cloth, then divide and draw on the plan the number of joints in the 

, lemicircular arch, and from the intersections with the diagonals, draw th< 

I transverse joints on the plan, and produce them till they touch the ' 

tradoes of the elliptical arch, the curve of which may be found ' 

the eorrespouding distances from the line of the base to the cu. _, 

afr equal to ab. This being acoompli shed, draw the joints of the elliptiiV 
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tal'arch In the manner ot which we five rd, as a specimen. To draw the 
juint c d, draw the chord e e *nd bisect it. dmw n line from the centre e, 
(liroDffh the bisecting' point, and produce it till it touches the perpendicu- 
lar e f; and ed, being at right anflea tu ef, will he the joint required. In 
the Bame manner the others are found. 

Bt examination, it will be seen, that a rectanarle circumscribing too 
mould 3, 3, gives the size of the stone in its square state, and, that if each 
stone in both arches be thus enclosed, the dimensions for each will be 
found, as also the'position in which the moulds must he placed. The 
dark lines give the different bevels which must he carefully prepared and 
applied to the stones in the manner represented in the figure. 

Pig. 557. To draw the joints of the stones fur an elliptical arch in a 
wall, &c. 

The curve is here described by the intersection of lines, which, cer- 
tainly, gives the most easy and pleasing- curve, as segments of circles 
apply only under certain data, or in the proportion which the axis major 
has to the axis minor, while the intersection of lines apply to any deccrip- 
tion of ellipsis. Find the foci F. In an ellipsis the distance of either 
focus from one eitremity of the axis minor is equal to the semi-aiis ma- 
jor i that is, DF is equal to c C. Then to find any joint, a b, draw lines 
from both foci through the point b, as F e, fd, and bisect the angle db s 
by the line a 6, which is the joint required. 

Having thus given a general outline of the principles of 
roasonTy, and accompanied the same with a few examples 
on the most abstruse parts of the art, we shall conclude 
this part of our treatise with the methods employed in the 
mensuration of masons' work. 

Rough stone or marble is measured by the foot cube : but 
in meaiuring for workmanship, the superficies or surface, 
for plain work, is measured before it is sunk. In measuring 
ashlar, one bed and one upright joint are taken and con- 
sidered plain work. In taking the plain sunk, or cir- 
cular work, and the straight moulded, or circular moulded 
work, particular care is required to distinguish the different 
kinds of work in the progress of preparing the stone. In 
measuring strings, the weathering is denominated sunk 
work, and the grooving throatings. 

Stone cills to windowH, &c. are, in general, about 4£ 
inches thick and 8 inches broad, and arc weathered at the 
top, which reduces the front edge to about 4 inches, and the 
horizontal surface at the top to about 1 J inch on the inside ; 
so that the part taken away is 6^ inches broad and three 
quarters of an inch deep. Cills, when placed in the wall, 
generally project about '2\ inches. The horijiontal part left 
on the inside of the cill is denominated plain work; and 
the sloping part svmk work ; and in the dimension book 
are enlered tnua, — 
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4 

8 mchea the breadth of the plain worit In the clU ] 
Bccurding to the above dimeniiona, — then 

Plain work. 

Sunk work, 

Plnia to ends. 

of throatiug:. 
at is taken of the aawingf. 

Cornices are measured by girthing round the moulded 
farts, that is, the whole of the vertical and under parts, 
called moulded work : — for example, suppose a cornice pro- 
ject one foot, girth two feet, and is 40 feet in length, then 
' the dimensions will be entered as under, — 



Moulded work. 



40 Sunk W(>rk at top. 



All the vertical jointa must be added to tlie above. 

Cylindrical work is measured in the girth ; and the sur- 
face is calculated to be equivalent to plaiu work twice 
taken. 

For example, suppose it be required to measure the plain 
work or a cylinder, 10 feet long, and 6 feet In circumference 
the dimensions would then be entered 

'2 ? 500 Sup', plaiu work, double measure. 

Paving-slabs and chimney-pieces are found by superficiiu 
measure, as also are stones under two inches thick. 

The manner in which the dimensions of a house are 
taken, vary according to the place and the nature of the 
agreement. 

In Scotland, and most parts of England, if thebuildrr 
engages only for workmanship, the dimensious are taken 
round the outside of the house for the length, and the 
height is taken for the width, and the two muitiphea 
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together gives the superficial contcDts. This, however, 
applies only when the wall is of the same thickness all the 
way up ; and when not, bs many separate heights arc taken 
as there are thicknesses. This mode of measuring gives 
something more than the truth, by the addition of the four 
quoins, which are pillars of two feet square ; but this is not 
more than considered sufiFicient to compensate the workmen 
for the extra labour in plumbing the quoins. 

If there be a plinth, string, course- cornice, or blocking 
course, the height is taken from the bottom of the plinth 
to the top of the blocking course, including the thickness of 
the same j that is, the measurer takes a line or tape and be • 
gins, we will suppose, at the plinth, then stretching the line 
to the top, bends it into the offset, or weathering, and, 
keeping the corner tight at the internal angle, stretches the 
line vertically upon the face of the wall, from the internal 
angle to the internal angle of the string ; then girths round 
the string to the internal angle at the top of the string, and 
keeping the line tight at the upper internal angle, stretches 
it to' meet the cornice; he then bends it round all the 
mouldings to the internal angle of the blocking course, 
from which he stretches the string up to the blocking course, 
to the farther extremity of the breadth of the top of the 
same ; so that the extent of the line is the same as the 
vertical section stretched out : this dimension is accounted 
the height of the building. i 

With respect to the length, when there are any pilasters, 
breaks, or recesses, the girth of the whole is taken at the 
length. This method is, perhaps, the most absurd of any 
admitted in the art of measuring; since this addition in 
height and length, is not sufficient to compensate for the 
value of the workmanship on the ornamental parts. 

The value of a rood of workmanship must he first ob- 
tained by estimation, that is, by finding the cost of each 
kind of work, such as plinth, strings, cornices, and archi- 
traves, &c. and adding to them the plain ashlar work, and 
the value of the materials, the amount of which, divided 
by the number of roods contained in the whole, give the 
mean price of a single rood. When the apertures or open- 
ings in a building are small, it is not customary to make 
deductions either for the materials or workmanship which 
are there deficient, as the trouble of plumbing and return- 
ing the quoins, is considered equivalent to the deficiency of 
utfehals occasioned by such aperture. 
2 N 
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Elsam's Gentleman's and Builder's Aasiatant, gives the 
following information on the practice of measuring rough 
Btoiie work. 

To find the number of perches contained in a piece of 
rough stone-work. 

K the wall be at the Btandard thickneas, that is, IS inches liigh, 18 
Inches thick, and 21 feet limy, diiide the area by 81, and thequollent, if 
*ny, will be the answer in perthes, and the remainder, if any, is feet. 
if the wall be more or less than 18 inches thick, multiply the area of the , 
wall by the number of inches in thickness, which product, divided by 18, 
and that quotient by 21, will give tbe perches contained. 

J?»ampU. A piece of stone-work is 40 feet long-, 80 feet liigh, and S4 
inches thick, bow many perches are cont.tined in it ? 

40 length. 

SO height. 
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13 equal to S inches. 

The method last described, offinding the value of mason's 
work, is osually adopted, the perch being the standard of 
the country ; but the most expeditious way of ascertaining 
the v^lue, is to cube the contents of the wall, and to charge 
the work at per foot. To ascertain the value of commoa 
stone- work, a calculation should be made of the prime cost 
of all the component parts, consisting of the stones in the 
quarry, the expense of quarrying, land-carriage to the place 
where it is to be used, with the extra trouble and consequent 
expense in carrying the stone one, two, three, or more 
stories higher. Also the price of the lime when delivered, to- 
gether with the extra expense of wages to workmen, if in the 
country ; all these circumstances must be taken into consi- 
deration in finding the value of a perch of common stone- 
work, the expense of which will be found to vary accordiJag to 
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local circumstances, in degrees scarcely credible ; wherefore 
a definite price cannot, with propriety, be fixed. 



BRICKLAYING 




In building upon an inclined plane, or rising ground, the 
foundation must be made to rise in a series of level steps, 
according to the general line of the ground, to insure a firm 
bed for the courses, and prevent them from sliding; for if 
this mode be not adopted, the moisture in the foundations in 
wet weather, will induce the inclined parts to descend, to 
the manifest danger of fracturing the walls and destroying 
the building. 

In walling, in dry weather, when the work ia required to 
be firm, the best mortar must be mcd ; and the bricks must 
be wetted, or dipped in water, as they are laid, to cause 
them to adhere to the mortar, which they would not do if 
laid dry ; for the dry sandy nature of the brick absorbs the 
moisture of the mortar and prevents adhesion. 

in carrying up the wall, not more than four or five feet of 
any part should be built at a time ; for, as all walls shrink im- 
mediately after building, the part which is first carried up will 
settle before the adjacent part is carried up to it, and, con- 
sequently, the shrinking of the latter will cause the two 
parts to separate ; therefore, no part of a wall should be 
carried higher than one scaffold, without having its contin- 
gent parts added to it. In carrying up any particular part, 
the ends should be regularly sloped off, to receive the bond 
of the adjoining parts on the right and left. 

There are two descriptions of bonds ; English bond, and 
Flemish bond. In the English bond, a row of bricks is laid 
lengthwise on the length of the wall, and is crossed by ano- 
ther row, which has its length in the breadth of the wall, 
and so on alternately. Those courses in which the lengths 
of the bricks are disposed through the length of the wall, 
are termed stretching courses, and the bricks stretchers : and 
those courses in which the bricks run in the thickness of 
the lengths of the walls, heading courses, and the bricks 
headers. 

The other description of bond, called Flemish bond, con- 
sists in placing a header and a stretcher alternately in the 
same course. The latter is deemed the neatest, and most 
elegant ; but, in the execution is attended with great incon- 
venience, and, in most cases, does not unite the parts of n 
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wad with tan aame degree of firmness as the English 
In general, it may be observed, that, whatever advantages 
are gained by the English bond in tying a wall together in 
its thickness, they are lost in the longitudinal bond ; and 
vice-versa. To remove this inconvenience, in thick walls, 
some builders place the bricks in the cone at an angle of 
forty-five degrees, parallel to each other, throughout the 
length of every course, but reversed in the alternate 
courses ; so that the bricks cross each other at right an- 
gles. But even here, though the bricks in the cone have 
sufficient bond, the sides are very imperfectly tied, on ac- 
count of the triangular interstices formed by the oblique 
direction of the internal bricks against the flat edges of those 
in the outside. 

Concerning the English bond, it may be observed, that, 
as the longitudinal extent of a brick is nine inches, and its 
breadth four and a half, to prevent two vertical joints from 
running over each other at the end of the first stretcher 
from the corner, it is usual, after placing the return comer 
stretcher, which occupies half of the length of this stretcher, 
and becomes a header in the face, as the stretcher isb- 
low, to place a quarter brick on the side, so that the two 
together extend six inches and three-quarters, being a lap 
of two inches and a half For the next header. The bat thus 
introduced is called a closer. A similar effect may be ob- 
tained by introducing a three-quarter bat at the corner of 
the stretching course, so that the corner header being laid 
over it, a lap of two inches and a quarter will be left, at 
the end of the stretchers below, for the next header, which 
being laid on the joint below the stretchers, will coincide 
with its middle. 

In the winter, it is very essential to keep the unfinished 
wall from the alternate effects of rain and frost; for if it is 
exposed, the rain will penetrate into the bricks and mortar, 
and, by being converted into ice, expand, and burst or 
crumble the materials in which it is contained. 

The decay of buildings, so commonly attributed to the 
effects of time, is, in fact, attributable to this source ; but 
as finished edifices have only a vertical surfaee, the action 
and counter-action of the rain and frost extend not so ra- 
pidly as in an unfinished wall, where the horiz(mtal sur- 
face permits the rain and frost to have easy access into the 
body of the work. Great care, therefore, must be taken as 
Boon aa the frost or stormy weather sets in, to cover the uu- 
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finished walls, either with straw, which is the most cora- 
niou, or weather boarding. 

When weather boarding is employed, It is advisable to 
have a good layer of straw between the work and the board- 
ing, and to place the boarding in the form of stone-coping, 
to throw the water off equally on both sides. 

A number of very pleasing cornices and other ornaments 
may be formed in brick-work, by the mere disposition of 
the bricks, without cutting ; and if cut, a simple champher 
will be sufRcient. A great defect, however, is very often 
observable in these ornaments, particularly in the bulging 
of arches over windows ; which arises from mere careless- 
ness, in rubbing the bricks too much on the inside ; where- 
as, if due care were taken to rub them exact to the gauge, 
their geometrical bearings being united, they would all tend 
toone centre, and produce a well-proportioned and pleasing 
effect. 

In steining wells, it is necessary first to make a centre, 
consisting of a boarding of inch or inch and a half stuff, 
ledged within with three circular rings, upon which the bricks, 
all headers, are laid. The vacuity between the bricks towards 
the boarding, are to be filled in with tile or other pieces of 
brick. As the well-sinker proceeds to excavate the ground, 
the centre with its load of bricks sinks, and another similarly 
charged is laid upon it, and another upon that, and so on till 
the wall is complete, the centreing remaining with the 
brick-work. This plan is generally adopted in London, at 
least where the soil is sandy and loose ; where it is firm, 
centreings are not requisite. In the country, among many 
other methods, the following is most approved : — rings 
of timber, without the exterior boarding, are used ; upon the 
first ring, four or five feet of bricks are laid, then a second 
ring, and so on. But the mode before described is by far 
the most preferable ; as in the latter the sides of the brick- 
work are apt to bulge in sinking, particularly if great care he 
not taken in filling and ramming the sides uniformly, so as 
to keep the pressure regular and equal. In steining wells 
and building cesspools, a rod of brick-work will require at 
least 4760 bricks. 

As the construction of walls, arches, groins, &c. in 
brick-work, approximates so nearly to that of stone-work, 
and as the same observations generally apply, further infor- 
mation would, perhaps, be considered superfluous ; we 
shall, therefore* conclude this article with some practical 
observations on the measuring of brick-work. 
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Brick-work is measured and valued by the rod. The con- 
tents of a rod of brick-work is 161 feet square; consequent- 
ly, the superficial rod contains 272*25, or 273^ square 
feet ; but as the quarter has been found troublesome in cal- 
culation, 272 superficial feet has been admitted as the 
standard. 

The standard thickness of a brick wall is 1^ brick laid 
lengthwise ; therefore, if 272 square feet be multiplied by 
13 inches, the result will be 306 cubic feet, or a rod. 

A rod of standard brick-work, making the necessary allow- 
ance for mortar and waste, will require 4500 bricks ; but 
this quantity is of course ruled by the size of the brick, and 
the closeness of the joints. 

A foot of reduced brick-work requires 17 bricks ; a foot 
superficial of marl facing, laid in Flemish bond, 8 bricks j 
and a foot superficial of gauged arcbes, 10 bricks. In paviug, 
a yard will require 82 paving bricks, or 48 stock bricks, or 
38 bricks laid fiat. 

A square of tiling contains 100 superficial feet ; and re- 
quires of plain tiles, 800 at a six-inch gauge, 700 at a seven- 
inch gauge, or 600 at an eight-inch gauge. 

The distances between the respective laths must depend 
on the pitch of the roof ; and one roof may require a 6, 
7, and 8 inch gauge. For instance, a kirt roof will require, 
in the kirt part, a 74 or 8 inch gauge, and in the upper part 
6, 6§, or 7 inch, the gauge decreasing in the ratio of the 
angle of elevation. 

A square of plain tiling will require a bundle of laths, 
more or less, according to the pitch; with two bushels of 
lime, one bushel of sand, and a peck of tile-pins. 

Laths are sold by the thousand, or bundle ; and each 
bundle is supposed to contain 100 laths, though the exact 
number depends on the length ; the 3 feet containing 5 
score, the 4 feet 4 score, the 5 feet 3 score, and so on in 
proportion. 

A square of pan-tiling requires 180 tiles, laid at a ten- 
inch gauge ; and one bundle, containing 12 laths, ten feet 
long. 

In lime measure, 25 struck bushels, or 100 pecks, make a 
hundred of lime ; 8 gallons, a bushel dry measure ; and 268 
cubic inches, one gallon. 

In measuring sand, 24 heaped, or 30 struck bushels make 
one load ; and 24 cubic feet weighs one ton. 

A load of mortar, which ought to contain half a hundred ot 
lime, with a proportionate quantity of sand, is 27 cubic feet. 
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Excavations of the earth are measured by the number oi 
I cnbic yards which they contain, therefore, to find the nomber 
of cubic yards in a trench, find the soliditv of the trench in 
cubic feet, and divide it by 27, the numt>er of cubic feet in 
a yard, and the quotient, is the number of cubic yards, and 
the remainder the number of cubic feet. 

is 60 feet, the deptli 3 feet, and 




In the horizontal dimensions, if the trench be wider at thr 
top than it is at the bottom, and equal at the ends, take 
half the sum of the two dimensionB for a mean breadth ; 
and if the breadth of one end of the trench exceed that of 
the other, so as to have two mean breadths, differing from 
each other, take half the sum of the two added together, as 
a mean breadth of the whole." 

In measuring the footing of a wall, multiply the length 
and the height of the courses together ; then multiply 
the product by the number of h^f bricks in the mean 
breadth, divide the last product by 3, and the quotient is 
the answer in reduced feet. Instead of measuring the 
height of the footing, it is customary to allow three inches 
to each course in height, or multiply the number of courses 
by 3, which gives the height in inches. 

To find the contents in rods of a piece of brick work. 

Cbbc 1. If the wall be of the standard thickneBa, divide the area of the 
wall by 273, and the quotient is the number of rods, and the remainder 
the number of feet ; but if the wall be either more or less than a brick 
and a half in tbickness, multiplj the area of the wall by the number of 
half bricks, that ii, the number of half lengl^hs of a brick ; divide the 
product by 3, which will reduce the wall to the standard thickness of 1} 
Drick, then divide the quotient by S79, and it will gire the number of roda. 

Case II. Divide the number of cubic feet contained in Ihe wall by 306 ; _ 
the quotient will five the number of rods, and the remainder the number 
af cubic feet. 

Case III. Multiply the numter of cubic feet ina waU by 8; divide the 
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product b j 9 ; and the quotient will give the area of the wall at the 
standard : divide this standard area by 273, and the quotient will give 
the number of rods ; the remainder the reduced feet. 

Example. The length of a wall is 60 feet, the height 20 feet, and the 
thickness equal to the length of three bricks ; it is therefore required 
to Imow how many rods of brick-work is contained in the said wall ? 
By Case I. 60 

20 



1200 
6 

3)7200 

272 ) 2400 ( 8 rods 224 feet the answer* 
2176 

224 



V'die II GO 

20 



1200 

2JB thickness of waW 

2100 

aoo 

a06 ) 2700 ( 8 rods 252 feet the answer. 
2448 

252 



Case III. 60 

20 



1200 
2.3 

2400 
300 

2700 
8 

9)21600 

872) 2400 (8rods 224 feet, as ill C}«ie( 
2176 

884 
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Id the calculation of brick -work, where there are several 
B^mlls of different thicknesses, it will be quite unnecessaiy 
\ to use the divisors 3 and 2/2, as will be hereafter shown. 

In taking dimensions for workmanship, it is usual to 
I ullow the length of each wall on the external side, to com- 
tpensate^for plumbing the angles ; but this practice must not 
[ be resorted to for labour and materitda, as it gives too much 
I quantity in the height of the building or story by two pil- 
lars of brick ; and in the horizontal dimensions by the 
thicknesM of the walls. 

In measuring walls, faced with bricks of a superior qua- 
lity, most surveyors measure the whole as common work, 
and allow an additional price per rod for the facing, as the 
I ffupcrior excellence of the work, and quaUtyof the bricks 

may deserve. 
I Every recess or aperture made in any of the faces must 
I lie deducted ; but an allowance per foot lineal should be 
V made upon every right angle, whether external or internal, 
excepting when two external angles may be formed by a 
brick in breadth, and then only one of them must be al- 
lowed. 

Gauged arches are sometimes deducted and charged se- 
parate ; but as the extra price must be allowed in the for- 
1 mer case, it will amount to the same thing. 
I - In measuring w^lls containing chimneys, it is not custom- 
L ory to deduct tne flues ; but this practice, so far as re- 
I garda the materials, is unjust, though, perhaps, by taking 
I the labour and materials together, the overcharge, with 
I respect to the (quantity of bricks and mortar, may, in some 
r degree, compensate for the loss of time : on the other hand, 
I if the praprietor finds the materials, it is not customary to 
I allow for the trouble of forming the flues, which, conse- 
quently, is a loss to the contractor who has engaged by 
, task-work or measure. 

If the breast of a chimney project from the face of the 
: wall, and is parallel to it, the best method is, to take the 
horizontal and vertical dimensions of the face, multiply them 
together, and multiply the product by the thickness, taken 
in the thinnest part, without noticing the breast of the 
chimney; then-'find the solidity of the breast itself, add 
these solidities together, and the sum will give the solidity of 
the wall, including the vacuities, which must be deducted 
for the real solidity. Nothing more is necessarj' to be said 
of the shaft, than to take its dimensions in height, breadth, 
L^d thickness, in order to ascertain its solidity. 
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If a chimney be placed at an angle, with the face of too 
breast intersecting the two sides of the wall, the breast of 
the chimney must be considered a triangular prism. To 
take the dimensions : — 'from the intersections of the front of 
the breast into the two adjacent walls, draw two lines on. 
the floor, parallel to each adjacent wall; then the triangle 
on the floor, included between the front and these lines, will 
he eqnal to the triangle on which the chimney stands, and, 
consequently, equal to the area of the base. To attain the 
area of the triangular base, the dimensions may be taken in 
three various ways, almost equally easy ; one of which is, 
to take the extent of the base, which is the horizontal di- 
mension of the breast, and multiply it by half of the per- 
pendicular ; or multiply the whole perpendicular by half 
the base : but, as this calculation would, in cases of odd 
numbers, run somewhat long, a more preferable method is, 
to multiply the whole base by the whole perpendicular, and 
take half of the product, which will give the area on which 
the chimney stands ; and which, multiplied by the height, 
gives the solid contents of the chimney. From this contents 
is to be deducted the vacuity for the fire-place. 

A row of plain tiles, laid edge to edge, with their broad 
surfaces parallel to the termination of a wall, so as to pro- 
ject over the wall at right angles to the vertical surface, is 
called single plain tile creasing ; and t\^o rows, laid one 
above the -other, the one row breaking the joints of the 
other, are called double plain tile creasing. 

Over the plain tile creasing a row of bricks is placed 
on edge, with their length in the thickness of the wall, and 
are called a barge course, or cope. 

The bricks in gables, which terminate with plain tile 
creasing coped with bricks, in order to form the sloping bed 
for the plain tile creasing, must be cut, and the sloping of 
the bricks thus, is called cut splai/. 

Plain tile creasing and cut splay are charged by the foot 
run ; and the latter is sometimes charged by the superficial 
foot. 

A brick wall built in pannels between timber quarters is 
called brick Hogging; and is generally measured by the yard 
iKinare, the quarters and nogging pieces being included in 
rh« measure. 

Pointing is the filling up the joints of the bricks after the 
walls arc built. It oonststa in raking out some of the mor- 
tar from the joints, and filling them again with bine mor- 
tar, and in one kind of pointing, the coorses are simnlv 
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marked with the end of a trowel, caWed Jlat-joint pointing ; 
hut if, in addition to flat-joint pointing, plaster be inserted 
in the joint with a regular projection, and neatly paved to 
a parallel breadth, it is termed hick pointine, or hick-joint 
pointing, or formerly, hick, and patt. Pointing is measured 
by the foot superficial, inchiding in the price, mortae, labour, 
and scaffolding. 

Rubbed and gauged work is set in putty or mortar ; and 
is measured either by the foot superficial, or the foot run, 
according to the manner in which it is constructed. 

In measuring canted bow windows, the sides are con- 
sidered as continued straight lines ; but the angles on the 
exterior side of the building, whether they be external or 
internal, are allowed for in addition, and paid for under the 
denomination of run of bird's mouth. All angles within the 
building, if oblique, from whatever cause they are made, 
either by straight or circular bows, or the splays of windows, 
are allowed for, under the head Oi run of cut splay. 

Brick cornices are measured by the lencal foot ; but as 
various kinds of cornices require more or less difficulty ia 
the execution, the price must depend on the labour and the 
value of the material used. 

Garden walls are measured the same as other walls, but if 
'nterrupted by piers, the thin part may be measured as in 
common walling, and the piers by themselves, making an 
allowance, at per foot run, for the right angles The coping 
is measured by itself, according to the kind employed. 

Paving is laid either with bricks, or tiles, and is measured 
by the yard square. The price, per yard, is regulated by the 
manner in which the bricks or tiles are laid, whether flat or 
edge-ways, or whether any of them be laid in sand or mortar. 

The circular parts of drains may be reduced either to the 
standard, or the cubic foot ; and the number of rods may, if 
required, be taken. The mean dimensions of the arch 
may be found, by taking the half sum of the exterior and in- 
terior circumferences ; but, perhaps, it were better to make 
the price of the common measure, whether it be a foot, 
yard, or rod, greater as the diameter is less ; but as the re- 
ciprocal ratio would increase the price too much in small 
diameters, perhaps prices at certain diameters would be a 
sufficient regulation. 

The following tables will be found an acquisition to those 
persons to whom a saving of time is an object: — 
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TABLE I. 
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Thia Tablo shews what quantity of bricks »re necessary to conitruct 
piece of brick-wnrk of any given dimensions, from half a brick to tw 
bricks atid a lialf in thicknesa ; and by which the number for any thick 
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The left-han<J column contains the number of superficial ^H 


feet contained in the wall to be built : the adjacent columns ^| 


shew the number of bricks required to build a wall of the ^M 


different thicknesses of |, 1, 1^,2, and 2^ bricks. ■ 


Eiample. Suppose it be required to find the number of bricks neces- ^| 


Barj to build a wall I brick thick, contaiainj an urea of 5760 feet ? ^M 


F'mt look for 5000 in the left hand column, nnd you will find that it takel ^H 


55,147 bricks, add to this quantity, the number nccessarf for each of the ^M 


other component parts, and we sfiall have the following ^H 
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from 1 to 10,009, and from i a brii:k to 2^ bricks ; nod thence b^ addi ^M 


tion, to any number, and to any thickuess, at the rate of 4500 bricks to ^H 
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, 38 


IS 8 


25 4. 


38 O 


50 8 


63 4 ^ 


^_ 39 


13 


26 


39 


52 




^K 


13 4 


26 8 


40 


53 4 


66 8 


^H 


13 8 


27 4 


41 


54 8 




^H 


14 


OO 38 


42 


56 


t 20 


^V 


14 4 


OO SB 8 


43 


57 4 


13 8 


^" 44 


14 e 


29 4 


44 


58 8 




' 45 


15 




45 








O 13 4 


30 8 


46 






■47 


15 S 


31 4 


47 






48 


16 


32 


OO 48 








16 4 


32 8 


49 








16 a 




50 


65 8 


1 15 4 




20 






1 12 


1 32 




23 4 


46 8 




1 25 4 


1 48 8 




as 8 


53 4 






1 65 4 


90 


300 


00600 


1 22 


1 52 


2 14 




33 4 


66 8 


1 32 


1 65 4 


2 30 8 


200 


O 66 8 


1 6.^ 4 


B 64 




1 61 4 


30O 


1 38 


2 64 


1 28 


1 1 60 


1 3 S4 


1 400 


1 65 4 


3 62 B 


1 1 60 


1 3 57 4 


2 1 54 8 


500 


2 308 


1 61 4 


1 3 24 


3 1 54 8 


3 17 4 


GOO 


3 64 


1 1 60 


2 56 


a 3 52 


3 2 48 


1 Too 


3 20 4 


1 a 58 8 


2 2 200 


3 1 49 4 


4 1 10 8 


800 


3 62 8 


1 3 57 4 


3 3 52 






900 




J 55 


3 1 16 


4 1 44 


5 2 4 


1000 


1 61 4 


2 I 54 8 


3 2 48 






2000 


2 1 54 8 




7 1 i8 




2 114 


aorio 


3 2 48 


7 1 28 


110 8 


4 2 56 


8 1 36 


4000 


4 3 41 4 






9 2 29 4 




5000 


6 34 8 


]2 1 14 


3 t 36 O 


34 2 3 8 


30 2 37 4 




T 1 28 


14 2 56 




29 1 44 


36 3 4 


7000 


8 2 21 4 


17 43 B 






12 3 38 8 


8000 


9 3 14 8 


19 2 29 4 






9 5 4 


9000 


1 B D 


22 O 16 




44 32 


53 40 


10000 


13 1 1 4 


J4 2 2 a 




49 5 4 51 1 6 8 


The lefl-hand column contains the area of tlie n-all in superficial feet ; 


the Btljaccnt columns the quantity, reduced tu the standard tliickneas, ao- 


cocdins; to the different thicltnesaeB on the lop. 


Eiiiraple. What h the quantitj of reduced brick-work in a wall contaia- 


in^'^MO superficial feet, 2bricks thick? 

Divide the number as in the preceding table, into its coraponeot parti. 


Baj 4540= 4O00 + 600+40, then by the table. 


R. Q. P. In. 


4000 contains 19 3 29 4 


500 ... 2 1 M 8 


40 ■ ■ 


. 53 4 
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3)18IS0( R. Q. F. In. M abiii 
275) 6053 + 4(n 1 I 4 



{of a rod 68) 69 (I 



TABLE III. 

SnewB the value of reduced brlck-wurk per rod, c&lculated At the n- 
Teral prices of £3 Ss. £3 lOt. £3 I5s. £4, Os. £4. 5t. and £i lOi. per nid 
for mortnr, labour, and scaffolding ; and of bricks from £1 10s. to £J 
0«. per thousand ; allowing 4500bricl[B to the rod. 



a < 

2 e 
s s 

S 10 

3 12 



Example. WTiat is the price of a rod of brick-work, when the rateof bricks 
is £S 3i. per thousand, and the price of mortar £i 5s. per rod ? 

Look &om the given calumn of bricks until you come under £4 5t. the 
gireu price of lalHiur and mortar, and f ou will find £13 lit. the piice of 
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CARPENTRY. 

This branch of building comprises the art of employing 
timber in the construction of edifices. 

The art of employing timber in building may be classed 
under two distinct branches^ Cai*pentry and Joinery. 

Carpentry comprehends the large and rough description 
of work^ or that which is requisite in the construction and 
stability of an edifice ; and Joinery , the fittings up and de- 
corative work, so necessary to the completion of a building. 

Carpentry is, in general, valued by the cubical foot ; and 
joinery by the superficial foot. 

The principal operations which timbers have to undergo^ 
from the time of their arrival in the carpenter's yard to 
their final dSestination in an edifice, may be classed under 
two general heads ; those which respect individual prices^ 
and those which respect their dependence on others. 

Under the former of these heads is the pit-saw, by means 
of which, whole pieces of timber are divided, and reduced 
into their respective sized scantlings. 

The term scantling implies dimensions in breadth ai.d 
thldkness, without any regard to length. 

Planing, is the operation by which wood is reduced to a 
smooth and uniform surface, by means of an instrument 
called a plane, which takes a thin shaving off the surface of 
the wood, as it is moved backwards and forwards in a 
straight line by the hands of the workmen. There are, 
however, other operations of the plane besides that of re- 
ducing timber to an uniform and smooth surface, termed 
grooving, rebating, and moulding. 

Grooving is forming a channel on the surface of a piece 
of wood, by taking away so much of the solid as is of 
the shape and size of the groove required. 

JRabating or rebating, is reducing a piece by taking away 
from the angles a prism of the shape and size of the rabate 
required, so as to form an internal angle, and generally a 
right angle. This operation is frequently required in con- 
structing door cases, and the frames of casement windows : 
the rabate, or groove, being intended as a ledge for the door 
or casement to rest in. 

The pieces being cut into their proper scantlings, the next 
operation is the joining them together. 
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Itithis department we shall treat first, of the most approved 
methods of lengtheDing beams, by what is termed scarfing, 
or joining them in pieces ; secondly, of the strengthening 
of beams by trussing ; thirdly, of the methods of joining 
two timbers at angles, in any given direction ; and lastly, of 
the mode of connecting several timbei-s in order to com- 
plete the design, and to effect certain powers respectively 
required by each individual piece. 

To lengthen a piece of timber implies the act of Joining 
or fastening two distinct pieces, so that a part of the end of 
one shall lap upon the end of another, and the surfaces 
of both, being 4ne continued plane, form a close joint, 
called by workmen a scarf. It is manifest, that two bodies, 
joined together and intended to act as one continued piece, 
in a state of tension, or compression, cannot, by any possi- 
ble means, be so strong as either pieces taken separatelj-- 
It, therefore, requires much attention, and careful discri- 
mination, in the choice and selcctioD of such mc'bodft as 
are the most applicable to the peculiar circor.^liuitira o. 
the case. Every two pieces of timber joined lu the niimnT 
thus described, and, indeed, in most other cases, require 
some force to compress them equally on each sidc^ tuid 
more particulaily when the pieces are light ; for this pnr^^ 
pose iron bolts are used, which act as a tie, and possess the 
same effect as two equal and opposite forces would have in 
compressing the beam on each side the joint : and aa the co- 
hesive power of iron is very great, the hole, which is made 
to receive the bolt, may be of such dimensions as will not, 
in the least degree, tend to diminish the strength of the 
timber. When wooden pins are used, the bore is larger, and 
the joints weaker ; consequently the two pieces, thus con- 
nected, are not held together by any compression of the pin, 
but merely by the friction of the individual pieces. 

No specific distance can be laid down for the length of the 
scarf, though, in general, it may be observed, that, a long 
scarf has but little effect in diminishing the cohesive .strength 
of a compound piece of timber ; on the contrary, it affords 
an opportunity of increasing the number of bolts. 
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5S8 shows the method of joining t 
single step (in each piece. 



pieces of tiiuher by n 



By this method more than one-half the power is lost ; and 
this scarf is not calculated to resist the force of tension 
equal to a single piece sawed half through its thickness from 
the opposite side, at a distance equal to the length of the 
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i Bcarf ; by the application of straps^ however^ it may be made 

to resist a much greater force. 

Fig*. 559 represents a scarf with parallel joints, and a single table upon 
each piece. 

In this the cohesive -strength is decreased in a greater 
degree than the preceding example, by the projection of the 
table ; but this affords an opportunity of driving a wedge 
. through the joint between the ends of the tables, and there- 
by forcing the abutting parts to a joint. 

A scarf of this description to be longer than those which 
have no tables, and the transverse parts of the scarf, must 

be strapped and bolted. 

« 

Fig. 5G0 presents ns with the same opportunity of wedging as before. 

In this figure, if the parts LM and NO be compvessed togetner by bolts 

^^ firmly as if they were but one piece, and if the projection of the tables 

D^^qoal to the transverse parts or the joints L and O, the loss of strength, 

compared with that of a solid piece, will be no more than what it would 

be at L and O. 

Strapping across the transverse part of the joint is much 

the best and most effectual way of preventing the pieces 

from being drawn from each other, by the sliding of the 

longitu^ai parts of the scarf, and, therefore, giving to the 

>\ioits an oblique position. 

Fig. 561 is a scarf formed by several steps. 

In this, if all the transverse parts of the steps be equal, 
and the longitudinal parts strongly compressed by bolts, the 
loss of strength will only be a fourth, compared to that of a 
solid piece, there being four transverse parts, that is, the 
part which the end of the steps is of the whole. 

Fig. 562 is a scarf with a bevel joint, and equally as eligible for or« 
dinary puiposes as any in use. 

Figs. 561 and 566. Scarfs intended for longer bearings than the pre-* 
ceding one. 

Fig. 564 represents the method of constructing a compound timber, 
when two pieces are not of adequate length to allow them to lap, by 
means of a third piece joined to hoih by a double scarf, formed by several 
gradations or steps, the pieces abutting upon each other with the middle (^ 
the eonnecting piece over their abutment. 

That which shall next claim our attention is a consider- 
ation of the principles and the best methods of strengthen- 
ing beams by trussing. 

When girders are extended beyonda certain length, they 
bend under their own weight, and the degree of curvature 
increases in a proportion far greater than that of their 
lengths. The best method to obviate this sagging, as it is 
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termed, without the support of posts, && is to make the 
beam in two equal lengths, and insert a truss, go that when 
the two pieces are confined together by bolts, the truss may 
be included between them, and cause them to act as a tie. 
To prevent any unfavourable results from natural tendency 
of the timbers to shrink, the posts of the truss may be made 
of iron, and screwed, and nutted at the ends ; and to give 
a still stronger abutment, the braces maybe let in with 
grooves into the side of each flitch, or piece, which form 
the beam. The ends of the abutments are also made of 
iron, screwed, or nutted, at each of the ends, and bolted 
through the thickness of both pieces, with a broad part in 
the middle, that the braces may abut ugion the wliole di- 
mension of their section ; or, otherwise, the abutments are * 
made in the form of an inverted wedge at the bottom, and 
rise cylindricalJy to the top, where they are screwed and 
nutted. 

These methods may be constructed cither with one king- 
bolt in the middle, or with a truss-bolt at one-third of the 
length from each end. When two bolts are applied, they 
include a straining place in the middle. The two braces 
maybe constructed of oak, or cast or wrought iron j but 
the latter material is seldom used : for, as all metals are 
liable to contract, wood is considered the best material. 
With respect to the bolts, iron is indispensable. 

The higher the girder is, the less are the parts liable to 
be effected by the stress ; and, consequently, the risk of 
their giving way under heavy weights, ur through long bear- 
ings, IS less. 

Figi. 565 and 5SG are tiro examples of g'irdeni calculated from their 
me to suitain verj lieary weights. If the tie beam be very etrong, the 
abiitmentB ma; be wedged ; but the wedges ought to be very luugi and 
s little taper, that there may be no iucunation to rise. The excess of 
length may afterwards be taken off. 

In joining two timbers together, in any given direction, 
the joinings, as practised by carpenters, are almost infinitely 
^'arious ; and though some arc executed with a view merely 
to gratify the eye, the majority have decided advanta^s, 
and each, iu peculiar cases, ; to be preferred. In this 
treatise, our limits will not permit us to enter upon a de- 
scription of such as yield no substantial benefit, or are em- 
ployed only in connecting small work ; but, even in these, 
the skill of the workman may at all times be discovered by his 
oeleclion of materials. It may here be observed, that, as 
all timber is either mere or less, according to the dryness, 
2o2 



I 



864 TBB OPBRATIVB MECHANIC 

and the qnality of the timber used, subject to shrink, the 
carpenter should very carefully consider how much the di- 
mensions of his framings will be affected by it, and bo 
arrange the inferior pieces that their shrinkage shall be 
in the same direction as the shrinkage of the framing, and 
BO conduce to the greater stability of the whole, if this be 
not attended to, the parts wilt separate and split asunder. 

Two pieces of timber may be connected either by making 
both planes of contact parallel with or at right angles to 
the fibres, or by making the joint parallel with the fibres of 
the one piece, and at right or oblique angles to the other, or 
at oblique angles to the fibres of both pieces. 

If two pieces of timber are connected, so that the joint 
runs parallel with the fibres of both, it is called a longitudi- 
nal joint ; but when the place of the joint is at right angles 
to the fibres of both, an abutting Joint. Butting and mitre 
joints are seldom used in carpentry. 
I' When two pieces of limber are joined together at one or 
■ more angles, the one piece will meet the other and form 
one angle, or by crossing it make two angles, or the two 
pieces will cross each other and form four angles. 

In all the following cases of connecting two timbers, 
it is supposed, that the sides of the pieces are parallel with 
the fibres, or, when the fibres are crooked, as nearly so as 
possible ; and that each piece, the four sides being at right 
angles to each other, has at least one of its surfaces in the 
same plane with those of the other. The angle or angles 
so formed will be either right or obtuse. 



.mple of a 



itched joint, which 19 the most) 
~ theEtriingest for juiniDg ttvotimberB 



Fi^. 537, is an esa 
and simple funn, and, 
at one or more angles. 

of the joint may be Tflried, „ ._ .._ . . 

pieces, the Dumber of ang'les, the quantity iina direction of the stresB 
the one or both pieces, or by any combination of their circumBtancei. 
Notching' admits two pieces to be joined at frum one to four angples ; but 
joining by mortise and tenon admits only from one to two angles. 



articularly when bolted at the joint. The for 
id, according to the position of the sides of t1 



In joining by mortise and tenon, four sides of the mortise 
should, if possible, be at right angles to each other, and to 
the surface whence it is recessed, and two of these sides 
parallel with each of the sides which forms aright angle with 
the side from which the mortise is made : the fifth plane, that 
is, the bottom of the mortise, is parallel with the top or sur- 
face from which the mortise is made. Four sides of the tenon 
should be parallel to the four sides of the piece; but there 
are many cases where a digression is unavoidable. 
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In the application of timbers to buildings, we will here 
suppose, that nil pieces cut for use have a rectangular sec- 
tion, and when laid down, have their sides perpendicular 
to, and parallel with, the horizon. If two pieces of timber, 
therefore, are to be joined at four angles, cut a notch in one 
piece equal to the breadth of the other, so as to leave the 
remaining part of the thickness sufficiently strong, and in- 
sert the other piece in the notch j or, if the work is required 
to be very firm, notch each piece reciprocally to each other's 
breadth, and fasten them to§^ether by pins, spikes, or bolts, 
as the case may require. This form is applicable when the 
pieces are equally exposed to a strain. 
' Fig, 5Q9 will fully elucidate tliis ilescriplion of joint. 

The framing of timber by dove-tail notching is principal- 
^ !y applicable to horizontal iframing, where the lower timber 
is sufficiently supported. Where the lower timber is unsup- 
ported it is common to use mortise and tenon, which does 
not materially weaken the timber ; but when the timber ia 
notched from the upper side, the operation reduces its thick- 
ness, and consequently impairs its strength, though, if the 
solid of one piece fill the excavation of the other, and both 
be lightly driven or forced together, according to I)u Hamel, 
it will, if not cut more than one third through, rather increatie 
than decrease in strength. It may, however, be observed, 
that in large works, where heavy timbers are employed, it 
is difficult, and almost impossible, to fit the mortise and 
tenon with due accuracy ; and even if the joints were closely 
fitted at first, the shrinking would occasion cavities on the 
sides, that would render the tenons of no avail, because tlie 
axis of fracture would be nearer to the breaking or under- 
side of tho supporting piece. What has been here said 
with respect to timbers placed horizontally, applies to fram- 
ing in every position, when the force is to faJl on the plane 
of the sides ; and if a number of pieces thus liable to lateral 
pressure on either side, are to be framed into two other stiff 
pieces, the mortise and tenon will prove best for the purpose. 

If it be required to connect two pieces of timber so as to 
form two right angles, and to be immovable, when the 
transverse is held or fixed fast, and the standing piece pulled 
in a direction of its length, cut a dove-tail notch across the 
breadth of the transverse piece, and notch out the vertical 
sides of the standing piece at the end, so as to form a si- 
milar and equal solid. In some kinds of work, besides the 
dove-tail, an additional notch is cut to receive the shoulder 
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of the lower piece. If the position of these pieces be hori- 
zontal, and the upper is of sullicient weight, or is press- 
ed down by any considerable force, when the pieces are 
placed together, the dove-tail will he sufficiently strong 
without the assistance of pins, spikes, or bolts. This con- 
struction requires the timbers to be well seasoned ; for 
otherwise the shrinking will permit the standing piece to be 
drawn out of the transverse, and thus defeat the purpose of 
the construction. 

In introducing binding joists, which will, as they have to 
support thebiidging joists and boarding of the floor, be 
framed into girders, there will be a considerable strain at 
the extremities, so that it is necessary, in order to make 
the tenons sufficiently strong, to have a shorter bearing te- 
non attached to the principal tenon, with a sloping shoulder 
above, called a tusk, which term is likewise applied to this 
tenon, called the tusk tenon. 

When two parallel pieces, which are quite immovable, 
are to have another piece framed between them, the prin- 
ciple is, to insert the one end of the tenon of the piece tq be 
framed in a shallow mortise, and make a long mortise in the 
opposite side of the other timber ; so that when the cross 
piece is moved round the shoulder of the other extremity as 
acentre, it may slide home to its situation. This mode of 
framing a transverse piece between two others, is employed 
in trimming in ceiling joists, which joists are seldom or 
never cut and fitted into the binding joists before the build- 
ing is covered over. The binding joists are always mortised 
before they are disposed in the situation to receive the ceil- 
ing joists. 

When a transverse piece of timber is to be framed be- 
tween two parallel joists, whose vertical surfaces are not pa- 
rallel, turn the upper edge of the transverse piece downwards 
upon the upper horizontal surface of the joists, mark the in- 
terval, or distance between them, upon the surface of the 
transverse piece now under ; then placing the edge over the 
place where it is intended to let down, turn the transverse 
piece in the way it is intended to be framed, apply a straight 
edge to the oblique surface of the joist, and slide the trans- 
- verse piece so as to bring the mark on Che upper side of it on 
e line with the straight edge, which being done, proceed 
in the same manner with the other end, and the two lines 
. drawn on the vertical sides of the intermediate piece will 
give the shoulders of the tenons. This act of framing a 
traimveree joist between two others is termed tUTiibling in 
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iri«/s; and is particularly useful when the timber is warped 
V twisted. 

In order that the reader may the more fully understand the 
preceding description of the joiuiiiga of timbers, we have 
annexed a plate (to wbich the subjoined description refers,) 
of the best methods now in practice. 

Fi^, 4ST. Nu. 1 and 2, and 3 and 4, exhibit two methods of a simple 
juint, where the twi>pieccE nre halved upon each other j in biith of which 
the end of one piece does not pass the outer surface of the other. No. S 
and 4 represent the two pieres before put tu§-ether. 

Fig. BUS, is B method of joining- timber, when the end of one piece 
pEt^geH the end c>f the other at a amali distance. Nu, 1 repreaenti tha 
pieces before joined. 

Fi^. 569 Bhewa how two pieces may he joined by what is termed a 
tnitre. — In this case, the two pieces should be fixed to another hj a bolt at 
ririit ajigles to the mitre joint. 

eig. 570. How one piece of timber may be joined to another, when one 
of the pieces is extended un both sides of the other piece. Nua. 1 and 8 
show die pieces before puttog-ether. 

Fig. sfl shows the manner of joining the binding joists and girders. 
No. 1. -The bindingjoiet preparea for beingjoincd to the girder. 

Fis'. 57S ie the general and moat approved method of training the rafter 
font into the girder. 

Fig. 573 is a section of the beam, shewing the different shuulden ot 
the rafter foot. 

Fig. j}74 ia another example, preferable to the former, because the 
abutment of the inner part is better supported. In this the beam, when 
no broader than the rafter is thick, maybe weakened, in which case, it 
would require a much deeper socket than is here given ; and perhaps an 
advantage would he gained bf introducing a joint like fig. 575. 

Fig. 57(1 is the method of introducing iron atrapE to confine the foot of 
the rafter tu the tie-beam. 

When it is found necessary to employ iron straps for 
strengthening a joint, considerable attention is required to 
place them properly. The first thing to be ascertained is 
the direction of the strain. We must then endeavour, as 
near as we can, to resolve this strain into a strain parallel 
to each piece, and another perpendicular to it. Then the 
strap which is to be made fast to any of the pieces, must be 
so fixed that it shall resist in the direction parallel to the 
piece. 

The strap which is generally misplaced, is that which 
connects the foot of the rafter with the tie-beam. It binds 
down the rafter; but does not act against its horizon- 
tal thrust. It should be placed farther back on the beam, 
and have a bolt through it, to allow it to turn round ; and 
should embrace the rafter almost horizontally near the foot, 
and be notched square with the back of the rafter. The 
Lexample given in No. 10 combines these requisites. By 
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morin^ roond the eye-bolt, it follows the rafter, and can 
Dot pinch and cripple it, which it always does iu its ordi- 
Djuy form. Straps which have eye-bolts on the ^^ery angles, 
and allow motion round them, are considered the most 
perfect. 

Fig.STTexli'Mln two methods of connecting the struts of a roof, or par- 
tition, Sic. with Che king-patt. 

If the action of a piece of timber on another docs not ex- 
tend, but compress, the same, there is no difficulty whatever 
in the joint, mdced joining is unnecessaiy: it is enough 
that the pieces abut on each other ; and we have only to 
take care that the mutual pressure be equally borne by all 
the parts, and that no lateral pressure, which may cause 
one of the pieces to slide on the butting joint, be produced. 
At the joggle of a king-post, a very slight mortise and 
tenon, with a rafter, or straining beam, is sufficient. It is 

S;enerally best to make the butting plain, bisecting the angle 
brtned by the sides, or else per|)cndicular to one of the 
pieces. For instance, the joint a is preferable to A, and, 
indeed, to any uneven joints, which never fail to produce 
very unequal pressures, by which some of the parts are 
crippled, and others splintered off. 

Kic. S7S is the method of securing- the tie~beain and principals, when 
tliekinjf-post ismadeofaniron rod. . 

Pig. 579 shows a method of joining the principals with the king-post bj 
mciins of an iron dove -tail, wliich is received in a. mortise at the head of 
ciLCh principal. 

Trusting that the reader will be able, from the above de- 
scription, to comprehend the best methods of joining tim- 
bers, we shall next proceed to describe the modes of con- 
necting several timbers, in order to complete the design, 
and to effect certain powers respectively required by each 
individual piece. 

In framing centres for groins, the boarding which forms 
the interior surface is supported by transverse ribs of tim- 
ber, which are either constructed simply, or with trusses, 
According to the magnitude of the work ; and, as a groin 
consists generally of two vaults intersecting each other, one 
of them is always boarded over the same as a plain vault, 
without any respect to the other, which is afterwards ribbed 
ud boarded so as to make out the regular surface. 

Timljers inserted in walls, and at returns, or angles, are 
joined together where the magnitude of the building or ex- 
posure to strain may require. There are three denomi- 
URtions, viz. bond Umber, linteU, and wall-plates. 
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FlooriDg is supported by one or more rows of parallel 
beams, called naked, or carcase Jiooring, and is denominated 
either single or double. During the construction of the 
building, the flooring, if not supported by walls or parti- 
tions, must be shored. The framing of flooring, wiiether 
single or double, depends upon the magnitude of the build- 
ing, the horizontal dimensions of the apartments, or the 
stress with which the surface of the boarding is likely to be 
affected. When the flooring is intended to be very stiff and 
firm, it is necessary to introduce truss girders. Naked 
flooring, for ball-rooms, should be framed very strong, and 
the upper part contrived with a spring, to bend with the im- 
pression of the force, while the lower part, which sustains ■ 
the ceiling, remains immovable. ] 

Partitions are constructed of a number of pieces of tim- 
ber, called scantling, placed vertically, at a specified dis- 
tance from each other, dependent on the purposes for which 
it is intended to answer. If to support girders, they should 
be trussed, and afterwards filled in with parallel pieces, 
called studs. 

The framing ought to be so contrived, as to supersede the 
necessity of hanging up the floor, in whatever situation the 
doors may be placed. Truss partitions are also of the 
greatest utility in supporting floors which arc above them. 

The rafters which support the covering in a roof are sus- 
tained by one, two, or several pieces of framing, called a 
pair of principals, placed at right angles to the ridge of the 
roof. In roofing, many ingenious contrivances are resorted 
to, their application depending upon the pitch of the roof, 
the number of compartments into which it may be divided, 
and the introduction of tie-beams. In cases where apart- 
ments are required to be within the framing of the roof, 
and it is inconvenient to introduce tie-beams, the sides of 
the roof may be prevented from descending, by arching them 
with cast-iron, or trussing them with wood in the inclined 
planes of their sides. To restrain the pressure of the raf- 
ters, which would be discharged at the extremities of the 
building, a strong wall-plate, well connected in all its parts, 
must be introduced, to act as a tie, and prevent the lateral 
pressure from forcing out the walls. 

In this construction, as well as in the former, the rafters 
would have a tendency to become hollow, so that it is 
necessary, in order to counteract this tendency, to introduce 
straining beams at convenient heights ; and if it be requisite 
to occupy very little space by the wood-work, cast-iroo 
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arches, abutting upon each other, and screwed with their 
planes upon the upper sides of the rafters, are best adapted 
for the pu rpose. If this and the former principle were adopt- 
ed, the combined effect would be very great. 

We shall now present the reader with a few practical ob- 
* serrations. 

Timber, except it stand perpendicular to the horizon, iq 
much weakened by its own weight. The bending of timber 
is nearly in proportion to the weight laid on it. No beam, 
ought to be trusted for any long time, with above one-third 
or one-fourth part of the weight it will absolutely canyj 
for experimenta prove, that a far less weight will break a 
piece of timber when hung to it a considerable time, tbaa 
IS suflicicnt to break it when first applied. 

The strain occasioned by pulling timber in the direction 
of its length, is called tension. It frequently occurs in roo&, 
and is therefore worthy of consideration. 

The absolute strength of a tibre, or small thread of tim- 
ber, is the force by which every part of it is held together, 
and is equal to the force that would be required to pull it 
asunder. The force required to tear any number of threads 
asunder, is proportional to that of their sum ; but the areas 
of the sections of two pieces of timber, composed of fibres 
of the same kind, are as the number of fibres in each ; 
therefore, the strength of the timber is as the areas of the 
sections. Hence all prismatic bodies are equally strong ; 
that is, they will not break in one part rather tlian in another. 

Bodies which have unequal sections, will break at their 
smallest part ; therefore if the absolute strength required to 
tear a square inch of each kind of timber be known, we 
shall be able to determine the strength of any other quan- 
tity whatever. 

The wood next to the bark, commonly called white or 
blea, is also weaker than the rest ; and the wood gradually 
increases in strength as we recede from the centre to the 
blea. 

The heart of a tree is never in its centre, but always near- 
er to the north side, and on that side the annual coats of 
wood are thinner. In conformity to this, it is a general 
opinion among carpenters, that that timber is strongest 
whose annual plates arc thickest. The Tracheee, or air- 
vessels, are weaker than the simple ligneous fibres. These 
air-vessels make the separations between" the annual plates, 
wid are t^e same in diameter, and number of rows, in 
all trees of the aame species ; consequently, when these 
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are thicker, they contain a greater proportion of the simple 
ligneous fibre. 

The wood is stronger in the middle of the trunk than at 
the springing of the branches, or at the root ; and the wood 
of the branches is weaker than that of the trunk. 

The part of the tree towards the north, in the European 
climates, is the weakest, and that of the south side the 
strongest : and the difference is most remarkable in hedge- 
row trees, and such as grow singly. 

All description of wood is more tenacious while green ; 
and loses very considerably by drying, after the tree is 
felled. 

We shall now conclude these remarks with the follow- 
ing useful problem. 

Fig. 580. To cut the Btrongest beam possible out of a round tree wliose 
Bection is a given circle. Let ab c dbe the st^ction of the. tree ; draw 
the diameter c 6, divide it into three equal parts, e and/, and from one of 
them, ns f, draw/« perpendicular to the diameter c i ; draw ab and 
a c,—b a and d e, and ab c d'u the strongest piece that can be cut out 
of the tree. From this it is manifeBt, that the strons'est beam which ean be 
cutout of a round tree, docs not contain the most timber, for the gTeatest 
rectangle that cau be inscribed in a circle h a square, and therefore the 
square g h i k is greater than the rectangle abed, and yet is not the 
Btrougest. 

Fiff. 581. Plan of a floor. — 1, Girder restingupon the walla. — 2. Bridg- 
ing-joiati. — S. Binding-juiats.— 4. Trimmers, 

Nog. 1 and S, sections of the floor. 

Fig. 539. A trussed partition with an apening ii 
doors.— 1. Head.— 2, Sill.— 3. Posts — J. BracoB 

DEFINITIONS. 

Wall-pfates ; pieces of timber laid on the wall, in 
order to distribute equally the pressure of the roof, and to 
bind the walls together. They are sometimes called raising 
plates. 

Tie-heam f a horizontal piece of timber, connected to 
two opposite principal rafters ; it answers a two-fold pur- 
pose, viz. that of preventing the walls from being pushed 
outwards by the weight of the covering, and of supporting 
the ceiling of the rooms below. When placed above the 
bottom of the rafters, it is called a coJIar-heam. 

Principal rafters ; two pieces of timber in the sides of 
the truss, supporting a grated frame of timber over them, on 
which the covering or slating rests, 

Parlines ; horizontal pieces of timber notched on the 
principal rafters. 
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Common rafters; pieces of timber of a small section, 
placed equidistantly upon the purlines, and parallel to the 
principal rafters : they support the boarding to which ths 
slating is fixed. 

Pole-plates ; pieces of timber resting on the ends of 
the tie-beams, and supporting the lower ends of the com- 
mon rafters. 

King-post ; an upright piece of timber in the middle of 
a truss, framed at the upper end into the principal rafters. 
and at the lower end into the tie-beam : this prevents the 
tie-beam from sinking in the middle. 

Struts ; oblique straining pieces, framed below into the 
king-posts, or queen-posts, and above into the principal raf- 
ters, which are supported by them ; or sometimes they have 
their ends framed into beams, that are too long to support 
themselves without bending, they are often called braces. 

Other pieces of timber are introduced in roofs of a greater 
span ; which we shall here describe. 

Queen-posts ; two upright pieces of timber, framed be- 
low into the tie-beam, and above into the principal rafters ; 
placed equidistantly from the middle of the truss, or its 
extremities. 

Puncheons ; short transverse pieces of timber, fixed be- 
tween two others for supporting them equally; so that 
when any force operates on the one, the other resists it 
equally ; and if one break the other will also break. These 
are sometimes called stttds. 

Straining-beam ; a piece of limber placed between two 
others, called queen-posts, at their upper ends, in order to 
withstand the thrust of the principal rafters. 

Siraining-cill ; a piece of timber placed upon the tie- 
beam at the bottom of two queen-posts, in order to with- 
stand the force of the braces, which are acted upon by the 
weight of the covering. 

Camber-beam ; horizontal pieces of timber, made on the 
upper edge sloping from the middle towards each end in 
an obtuse angle, for discharging the water. They are placed 
above the straining-beam in a truncated roof, for fixing the 
boarding on which the lead is laid : their ends run three or 
four inches above the sloping plane of the common rafters, 
in order to form a roll for fixing the lead. 

Auxiliary rafters ; pieces of timber framed in the same 
vertical plane with the principal rafters, under, and parallel 
to them, for giving additional support. They are sometimes 
called principal braces^ and sometimes cushion rafters. 
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Jogglet ; the joints at the meelingR of stnits, with king- 
pmts, qaeen-postB, or principal raftcra; or at the meeting 
tf principal rafters with king and queen- posts i the best 
form is that which is at right angles to the struts. 

Cocking, or Cogging ; the particular manner of fixing the 
tie-beama to the wall-plates. 

There are a variety of roofs differing in form, according 
to the natnre of the plan, and the law of the horizontal aod 
rertical sections. 

The most simple form of a roof is that which has only 
one row of timbers arranged in an inclined plane, and 
Arows the rain entirely on one side. This description of 
roof is termed a. sked-roof, or lean-to. 

If the plan of the roof be a trapezium, and the tops of 
the walls properly levelled, the roof cannot be executed in 
plane surfaces, so as to terminate in a level ridge ; con- 
seqaently, the si^cs, instead of being planes, arc made to 
mad, in order to hare the summit parallel to the horizon ; 
but the best plan is, to make the sides of the roofs planes, 
enclosing a level space or flat, in the form of a triangle or 
trapezium, at the summit of the roof. Roofs which are flat 
on the top, are said to be truncated : they are chiefly em- 
ployed with a view to diminish the height, so as not to pre- 
dominate over that of the walls. 

If all the four sides of the roof are formed by inclined 
planes, it is said to be hipped, and is therefore called a 
hipped-roof; and the inclined ridges, springing from the 
angles of the walls, are called hips. 

Roofs on circular bases, with uU their horizontal sections 
circular, the centres of the circles being in a straight line, 
from the centre of the base perpendicular to the horizon, 
are called roo/n of revolution or revolved-roofs. 

When the plan of the roof is a regular polygon, circle, 
or an ellipsis, the horizontal sections being all similar to the 
base, and the vertical section a portion of any curve, which 
is convex on the outside, the roof is called a dome. 

In roofs of rectangular buildings, when a saving of ex- 
pense is of consequence, instead of a lead flat, which 
must be covered with lead or copper, a valley is introduced, 
which makes the vertical section in the form of the letter M, 
or rather an inverted W; hence it has obtained the name 
of an M roof. 

The pitch of a roof, or the angle which its inclined side 
forma with the horizon, is varied according to the climate 
and the nature of the covering. 
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The inhabitants of cold countries make their roofs very 
high ; and those of warm countries, where it seldom rains 
or snows, very flat. But even in the same climate the pitch 
of the roof is greatly varied. Formerly the roofs were 
made very high, probably with the notion that the anow 
would slide off easier ; but where there are parapets, a high 
roof is attended with very bad efiecta, as the snow slips 
down and stops the gutters, and an overflow of water is 
the consequence ; besides, in heavy rains, the water descends 
with such velocity, that the pipes cannot convey it away 
soon enough to prevent the gutters from being overflowed. 

The height of roofs at the present time is very rarely 
above one-third of the span, and should never be less than 
one-sixth. The most usual pitch for slates is that when the 
height is one-fourth of the span, or at an angle of 26^ de- 
grees with the horizon. Taking this as a standard, the fol- 
lowing table will show the degree of inclination which may be 
given for other materials : — ■ 
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Kind of covering. 
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HqiBht of 
Span. 


Wright upon I 




Copper or lead .... 

Slates large 

Dillo ordinary 

StoDe slate 

Plain tiles 

Pan-tiles 

Thatch of straw, reerls. 


Deg. Mil. 
3 50 

as 

26 33 
S9 il 

sa 4t 

84 
4S 


-rV 

i 

T 

i- 


/copper roo 

I lead 700 

1120 

[from 900 

tic fiOO 

2380 

ITSO 

650 
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A roof for a span of from 20 to 30 feet may have a truss 
of the form shown in Fig. 583. Within this limit, the pur- 
lines do not become too wide apart, nor the points of sup- 
port of the tie-beam. 

For spans exceeding 30 feet, and not more than 45 feet, 
tie truss shown in Fig. 584 is well adapted. Each pnrline 
is supported, consequently, there are no cross strains on the 
principal rafters ; and the points of support divide the tie- 
beams into three comparatively short bearings. The sag- 
ging, which usually takes place from the shrinking of the 
heads of the queen-posts, may be avoided by letting the end 
of the principal rafter abut against the end of the straining 
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beam A, and notchiog pieces and bolting them together in 
pairs at each joint. 

When the span exceeda 45 feet, and is not more than 60 feet, t)ie tniSB 
gkovm IB Fig. 685 is sufficiently strong Tor the purpose, and leaves a con- 
siderable degree of free space in ttie middle. For this span the tie-beam 
will most likely require to be Brarfed,_anil as the bearing of that portion 
of the tie-beam between a and h is short, the scarf should be made there. 
The middle part of the tie-beam may be made stronger by kolting- the 
•truiliing ciil c to it. 

It often occurs, that the centre aisles ornaives of churches 
are higher than the side aisles ; a similar effect, as when the 
Ue-beam continues through, may be produced by connect- 
ing the lower beams to the upper one, by means of braces, 
so that the whole may be as a single beam. To illustrate 
this mode of construction, we have given a design for a roof 
of a church, somewhat similar to St. Martin's in the fields, 
iiOndon, 

Fig, 588, the lower ties, AA, are so connected with the principal tie- 
beam, B, by means of the braces, a, a, that the foot of the principal raf- 
ters, c, c, cannot spread without stretching the tie-beam, B. The iron 
rods, b, b, perform the uMee uf liiiig-pDsts to the ties. A, A, and are much 
better than timber, in consequence of the slirinkage, which in tliis situa- 
tion would be very objectionable. 

Fig. 5B7-is a design for a roof of a church, or other building, requiring 
a semicircular arched ceiling. 

Domes derive their names according to the plans on 
which they are built, circular, elliptical, or polygonal ; of 
these, the circular may be spherical, spheroidal, ellipsoidal, 
hypcrboloidal, parabolojdal, &c. Those which rise higher 
than the radius of the base, are called surmounted domes ; 
^ those that arc of a less height than the radius, diminiihed, 
or surbased; and such as have circular bases, cupolas. 
The most usual form for a dome is the spherical, in which 
case, the plan is a circle, and the section a segment of a 
circle, 

The top of a large dome is often finished with a lantern, 
supjtorted by the framing of the dome. 

The interior and exterior forms of domes are seldom 
alike, and in the space between them, a staircase to the 
lantern is usually made. According to the space left be- 
tween the external and internal domes, the framing must 
be designed. Sometimes the framing may be trussed with 
ties across the opening ; but generally the interior dome rises 
so high that ties cannot be obtained. 

Fig. 5SS. No. I, shows the construction of a dome without ties. This 
is the most simple method, and one which is particularly applicable to 
domes nf ordinary dimensions. This example consists in placing a niun' 
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her of corred ribs, sn that the loirer ends stand upon ttnd are well fr 
into the kirb at the base, and the upper ends meet at the top, 
framed into the upper ki/b un which the lantern h placed. 
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When it occurs, as it generally does, that the pieces are 

' _ and so much curved, that they cannot be cut out of 

timber without being cut across the grain, so much as will 

weaken them, they should be put together in thicl^aesses, 

with the joints crossed, and wefl bolted together. 

No. 3, shoiVB the ribs fixed, and bulled together, with horixoatal raften 
io receive the bonrdio? on the exterior, and the laths ou the interior. 
These riba should be placed about two feet, or two feet sin inches apart 
at the base, and be composed of three or four thicknesses of one and a half 
inch-deal, about 11 or IS inches wide, which, when carefully bolted 
together with the joints judiciouti}' broken, will stand esceediDgl; firn u 
and well. J 

To construct the ribs of a spherical dome, with eighfl 
axal ribs, and one purline in the middle. /^ 

(Fig. 589.) No. 1. Let ASCDE be the plan of half the dome, which di- 
vide into four equal parts at BCD and E, theee points of division will 
mark the centre of the back, or convex sides of the ribs. Thisbein? doue, 
let Bb, Cc, J) d, be the ulane of these ribs, with the points of Srision 

the centre. F, G, H, I, K, are the seats of the upper ends of the rib! ; 

L the upper kirb draw x y. No. S, parallel tu A£, then from the dif- 

rent seats of the ribs on the plan draw perpendiculars cutting- s y. 
_ raw the cill, x ji, its intended thickness, and complete the elevation of 
:he front and back ribs. The front ribs are quadrants, forming a semi- 
circle on the upper side of the wall-plate, which, of course, is the diaine- 
ter. The curves of tlie sides of each of the other ribs are the quadrants 
of an ellipsis of the same height with the front rib. Place the puriines 
iu their intended situation, and having drawn the elevation and plan, u _ 
shown by the dotted line, the constrnction is complete. ^1 

The ribs of an elliptical dome are found precisely on tb^| 
same principle. ^ 

Given the plan of a polygonal dome, and one of the axal 
ribs, at right angles to one of the aides, to find the curve of 
the angle rib and the covering. 

Fig, 590. Let A, B, C, D, E. F, G, H, be the plan of an octangular 
polyg-onal dome, and r. ab the given rib ; produte c a to d, divide the 
curve line a BA 6 into anf number of equal parts, the more the better, in 
this case four, 1, 2, 3, 6, which extend on the line a d ; the first from a 
to 1, the second from 1 to 2, &c. ; from the points of division, 1, S, 3, b, 
draw lines parallel to B e, cutting C c, and from thcte points draw lines, 

Sarallel to c d, oi at right angles to B e, and through the points, 1, S, 3, 
raw k I, m n, p, and tracing a curve through the points d, p, n, I C, 
and making d o mk 'B similar, then the space comprehended between the 
curve lines rf B e ; and the aide BC of the plan, will give the form of fl " 
whole covering, for eaoh eide of the dome. 

To find tlie hip- line of the angle-rib, whose base is C c. . I 
Draw CE, Se.lf, at right angles to C c, and mahe CE equal to e Bi | 
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2« equal S4, and l/eqiial ta 1,9. &c. and trace the curve ttirob(r)i thaae 
points, and it will give the angle-rib. 

The method of covering spherical domes is, to suppose 
them polygonal, and the principle the same as the foregoing 
operation for an octangular dome. 

A niche, in carpentry, is the wood-work to be lathed over 
for plastering. The general construction of niches is with 
cylindrical backs and spherical heads, called cylindro-spheric 
niches ; the execution of which depends upon the principlci 
of spheric sections. 

As eveiy section io a sphere is a circle, and that section 
passing through its centre is equal, and the greatest that 
can be formed by cutting the sphere ; it is evident, that if 
the head of a niche is intended to form a spherical surface, 
the ribs may be all formed by one mould, whose curvature 
must be equal to that of the greatest circle of the sphere ; 
viz. one passing through its centre ; but the same spherical 
surface may, though not so eligible, be formed by ribs of 
wood, moulded from the sections of lesser circles, in a 
variety of ways. 

The reason why these latter spherical surfaces are not so 
eligible as those of greater circles is, because their dispo- 
sition for sustaining the lath is not so good, and the trouble 
rf moulding them to different circles, and of forming the 
edges according to different bevels, in order to range thsm 
in the spherical surface, is very great, compared with thosB 
made from great circles. 

Tne disposition of the ribs of niches is generally in- a 
vertical plane, parallel to each other, or intersecting each 
other in a vertical line. When the line of intersection 
passes through the centre of a sphere, all the ribs are great 
circles ; but if the line of intersection does not pass through 
the centre of the sphere, the circles which form the sphe- 
rical surface arc all of different radii. When the ribs are 
fixed in parallel vertical planes, their disposition is either 
parallel to the face of the wall, or parallel to a vertical 
plane, passing through the centre of the sphere, perpendi- 
cular to the surface of the wall ; but this method is not so 
eligible for the purposes of lathing. 

Another method is, by making the planes of the ribs pa- 
rallel to the horizon : this is not only attended with great 
labour in workmanship, but is incommodious for lathing. 
The various posititMis in which the ribs of a niche may be 
placed, are very numerous ; but the regular positions, al- 
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ready enumerated, ought to be those to which the carpentet I 
should direct his attention. 

To get out the ribs for the head of a niche, all of them being \ 
6i vertical planes passing through the centre of the sphere. 

Fig. 591, No. 1. From the centre C draw the ground-plan of tlieriba, 
nnd set out as many ribs upon the plan as you intend to have in the head , 
of the niche. With the fuot of yourcompaBaes inC, and from the enda <rf i 
each rib, at k and i, draw the small concentric dotted circles round to tha 
centre rib, at o and p, and draw a m, and p n, parallel to a b, the face of ' 
the wall ; then from r round to s on the plan is the length and sweep of 
the centre rih to stand over ; and from n round to s the leus^th and curve 
of the rib that stands from htog; and from m round to s, the curve of 
the shortest rib, that stands from ^ to A on the plan. 

ffow tojind the bevel of the ends of the back ribs against 
the front rib. 

The back ribs are 1ai|l down distinct by themselvea, at AB and C IVont 
the plan. Take 6 1, in No. I, and set it to b J, at B, draw the perpen- 
diculars, and when thev intersect the rib, it will show the bevel required. 
The same operation being' done toC, the bevel is found in the same manner. 

The places of the back-ribs when fixed upon the front- 
rib are aacertained by drawing perpeiii, oulars, and com- 
pleting the elevation of the niche No. 2 from the plan. 

Tojind the radius of curvature of the ribs of a spherical 
niche, when the ribs all meet in a vertical line, which di- 
vides the front rib into two equal parts. 
he circle, of whic 

le of tbcplan of any rib, as of a A, to meet 
the oppoaite side of the circumference in 6 ; on the whole line a 6. as a 
^diameter, describe a aemicirtle, and from the point c, when the ribs in- 
teraoct, draw a perpendicular to c d, to meet the arc a daX d, which arc 
is the curve of the rib, whose seat ia d. The other rib, as AD, is found 
in the same manner. No. 2ia the elevation of the niche. 

Pendentive cradling, is a cove bracketing, springing from 
the rectangular walls of an apartment upwards to the ceil- 
ing, 80 as to form the horizontal part of the ceiling into a 
complete circle or ellipsis. 

The proper criterion for such bracketing, if the walls are 
oat by horizontal planes through the coved parts, is, that 
all the sections through such parts will be portions of cir- 
cles, or of ellipses, and have their arcs proportioned to the 
sides of the apartment, so that each section will be a 
compound figure. Besides having four curvilinear parts, it 
- will have four other parts, which are portions of the aides 
of the rectangular apartment : and the axis of the ellipsis 
will bisect each side of the rectangle. 

FiK. 593, Let ABCD be the plan of a room, or stair-caae, to be brack- 
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eted, io u to form the aurface of a pendentive ceiling ; and tet A A e D be 
tlie section across the diag'onal ; it is required to And the carrature of the 
springingf ribi ? 

Draw C rf perpendicular to AC, meeting AC. take the distance from C 
to the line A(', and set itfram Con tlielineCA, andfrom this point draw 
a peruendicular to meet the curve A. i e Dof the ding'onal rib ; make the 
versia sine of tbe segment A li C equal to this perpendicular, and describe 
the segment A J C, which is the sprine^in^ Lne required. If from the 
centre an arc be described, with a radius equal to the length of the scat 
of a rib, tu meet the seat of the diagronal rib AD ; and, if from the point 
of meeting' a perpeudicular be drawn to meet the curve A b, the portion of 
the arc of the diagonal rib, intercepted between A and the perpendicular, 
will give thcleng^th of the rib, corresponding to the seat which was takei.. 

Fig. 594. The diagonal rib is a semicircle : the operation is exactly tb' 
Ume, and majf be described In the same words. 



MENSURATION OP CARPENTERS' WORK- 

All large and plain articles in which an uniform quantity 
of materials and workmanship is expended, are generally 
measured by the square of 100 superficial feet. 

Piles used iu the foundations are valued at per piece, and 
driven by the foot run, according to their diameter, and 
the quality of the grouod. 

Keepers and plauking are measured by taking the super* 
ficial contents in yards or squares. 

Plain centreing is measured by the square; but as the 
ribs and boarding are two different qualities of work, they 
ought to be measured and valued separately ; one dimension 
of the boarding being taken by girting it round the arch, 
the other being the length of the vault. 

Centreing for groins should be measured and valued ae 
common centreing ; but in addition thereto, the angles 
should be paid for by the foot run, thnt is, the ribs and 
boarding ought to be measured and valued separately, ac- 
cording to the exact superficial contents of each ; and the 
angles by the lineal foot for workmanship, in fitting the 
rib and boards, and for the waste of wood occasioned by 
the operation. 

Wall-plates, lintels, and bond-timbers, are measured by 
the cubic foot, under the denomination of fir- in -bond. 

Naked flooring may cither be measured by the square, 
or by the cubic foot, according to the description of the 
work, and the quantity of timber employed. In forming 
an estimate of its value, it should be observed, that in equal 
cubic quantities of small and large timbers, the small tim 
2p2 
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bers will have more superficies thaw the large ones, and^'J 
therefore, the saving will not he in a ratio with the soiid ' 
contents ; consequently the value of the workmanship will 
not follow the cubic quantity, or said ratio. The difficulty 1 
of handling timbers of the same length increases with the i 
weight or solidity, as the greater quantity requires greater | 
power to handle it, and consequently more time. 

In naked flooring, where girders are introduced, the t 
formity of the work is interrupted by mortises and tenons, ' 
80 that the sum ascertained by the cubic quantity of the ! 
girders, at the same rate per foot as the other parts, is not ' 
sufficient ; not only on account of the great difference of ' 
size, but the great disparity in the quantity of workman- 
ship, occasioned by its being cut full of mortises to receive 
the tenons of the binding-joists ; the best method, there- 
fore, to value the labour and materials is, to measure and 
estimate the whole by the cubic quantity, and allow an addi- 
tional rate upon every solid foot of girders ; or, if the bind- 
ing-joists are not inserted in the girders, at the usual dis- 
tances, a fixed price for every mortise and tenon, in pro- 
portion to their size, which will keep a ratio with the area 
of the end of the girder. 

Partitions may be measured by the cubic feet ; but the 
cills, top-pieces, and door-heads, should be measured by 
themselves, according to the solid quantity, at an additional 
rate; because, both the uniform solidity, and the uniform 
quantity of workmanship are interrupted by them, In 
trussed partitions, the braces should be rated by the foot 
cube, at a superior price to that of the quarterings, for the 
trouble of fitting the ends of the uprights upon their upper 
and lower sides, and for forming the abutments at the ends. 

The timbers in roofing should be measured by the cubic 

ot, classed as the difficulty of execution, or as the waste 
occasioned, may require. 

Battening to walls is best measured by the square, ac- 
cording to the dimensions and distances in the clear of the 
battening. 

It would be endless to enumerate the various methods 
of measuring each particular species of carpenters' workj 
the leading articles only need be noticed. 

When the shell of a building is finished, that is, previous 
to the floors being laid, or the ceilings lathed, all the timbers 
should be measured, that no doubt may arise as to the actual 
scantlings of the timbers, or of the description of the work- 
manship. In taking dimensions it must be observed that. 
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all pieces which have tenons, must be measnred to tfae extre- 
mities of tfae teuoQS. 

It is impossible to determine on any proper rate, includ- 
ing both msterials and workmanship, as the one maybe 
stationary, while the other is variable. With respect to 
materials, the value of any quantity may be easily ascer- 
tained, whatever be the price per load ; but the difficulty is 
far greater in fixing proper rates of workmanship ; however, 
were the time of executing every species of work known, 
there would be no difficulty in establishing certain uniform 
quantities, which would give the real value. 



P JOINERY. 

Is the next branch of art which comes under our con- 
sideration, and coniprises the practice of employing wood in 
the external and internal finishings of houses. 

In the execution of this branch of building, it is almost 
unnecessary to observe that, as joinery is employed princi- 
pally by way of decoration, and is liable to close inspection, 
it is one of the departments which demands the strictest 
care and attention in the workmen; and it requires the 
greatest ingenuity, skill, and experience, to become fiilly 
master of every subject under the joiner's consideration. 

The first and most important thing to be attended to, is 
tfae judicious selection of materials ; as, witfaout a strict ofa- 
servance of this particular, the care, ingenuity, and ex- 
ertions of the workman will be wholly frustrated. 

As the temperature of the atmosphere has a great infiu- 
ence on wood, and more particularly in tfae winter sea- 
son, it would be advisable to put tfaat which is to be 
used in fine work over an oven for a day or two. In tfae 
different descriptions of joint used by the joiner, a hot 
tenacious liquid, called glue, is almost universally used, and 
when applied, the two surfaces of the wood, which have been 
previously rendered smooth, are rubbed together until the . 
glue is nearly all forced out. One piece is then set to its 
situation with respect to the other. 

Tor outside work, such as gates, doors, &c. white-lead is 
used in all the joints. 

When a frame, consisting of several pieces, is required, 
the mortises and tenons are fitted together, and the joints 
glued all at one time, then entered to their places, and forced 
together by the assistance of an instrument called a cramjK 
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The operation of rendering a rough surface smooth, by I 
taking away the superfluous wood, is called planing ; and ) 
the tools used for this purpose are called ptoies. 

The planes used by joiuers in the primary operation of 
their work are called jack-planes, trying-planes, long- 
planes, and smoothing-planes ; the respective uses of which j 
are as follow : — ^The jack-plane is used for taking away the 
rough occasioned by the saw, and removing all superfluouB 
and other uneven parts. The trying-plane more par- | 
ticularly to bring the surface perfectly level and true : the : 
long plane succeeds, when the surface is long, and is i 
quired to be very straight, as in jointing long boards for * 
the purpose of gluing them together; and the smoothing- 
plane is used to smooth and clean off the work. 

In addition to the above, termed bench-planes, others are 
occasionally used in forming any kind of prismatic surfaces, 
viz. rebating-planes, grooving-planes, moulding-planes, &c, j 
under whicn head is mcludea the fillister ana plough. 

Rebating-planes are used for cutting out rebates, a kind 
of half groove, upon the edge of a board, or other piece of 
wood, formed by taking down or reducing a small part of 
. the breadth of the board to half, more or less, of the general 
thickness. By this means, if a rebate be cut on the upper 
side of one board, and the lower side of another, the two 
may be made to overlap each other, without making them 
any thicker at the joint. 

Rebates are also used for ornamenting mouldings, and for 
raany other purposes in joiners' work. The planes for cut- 
ting them are of different kinds, some having the cutting 
edge at the side of the iron and stock j others at the bottom 
edge of the iron and the face of the stock ; and others cut- 
ting in both these directions. The former are used to 
smooth the side of a rebate, and therefore are called side 
rebating-planes I the others for smoothing the bottom. A 
third sort of rebate-planes, called a fillister, is used for 
sinking or cutting away the edge of a piece of wood, to form 
the rebate, leaving it for the others to smooth the surfaces 
when cut, 

The moving fillister is a rebating-plane having a ruler of 
wood, called th& fence, fixed by screws, upon its face, in the 
direction of its length, and exactly parallel to the edge of 
the face ; consequently, it covers part of the width of the 
cutting edge, and can be tixed at any required distance /rora 
the edge, to leave more or Ifss of the cutting edge exposed, 
which will be the breadth ol the rebate it will cut, because. 
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wnen uaed, the edge of the fence is applied against the edge 
of the piece to be rebated, and thus gauges the breadth its 
iron should cut away. The cutting-iron of this plane is not 
situated at right angles to the length of the stock, but has 
an obliquity of about forty-five degrees; the exposed eide 
of the iron being more forward than the one next to the 
fence. By this obliquity, the plane has a tendency or drift 
to run further into the breadth of the wood ; but as the fence 
sliding agaiust the edge prevents this, the drift always keeps 
the fence in contact with the piece without the attention of 
the workman : it also causes the iron to cut the bottom of 
the rebate smoother, particularly in a transverse direction 
to the fibres, or where the wood is cross-grained, or where 
the edge is perpendicular to the sides of the plane. !t is 
chiefly used, however, to throw the shaving into a cylindri- 
cal form, and thereby make it issue from one side of the 
plane. Besides this iron, there is another of smaller di- 
mensions, called the tooth, which precedes the other, to 
scratch or cut a deep crack in the width of the rebate, thui 
making the shaving, which the iron cuts up from the bot- 
tom, separate sideways from the rest of the wood. The 
sash-fillister ditfers in many particulars from the moving 
fillister : the fence is adapted to be moved to a considerable 
distance, not being fixed, as in the moving fillister, \j 
screws upon the face, but sustained by two bars, fixed fast to 
it, passing through the two vertical sides of the stock at 
right angles to the sides : these bars, when set to their 
intended places, are tightened by small wedges. This kind 
of plane is usually employed to rebate narrow pieces of 
wood, such as are used in sashes ; and the fence is applied 
against the opposite edge to that on which the rebate is to 
be formed. 

Theplough is a plane with a very narrow face, made of 
iron, fixed beneath a wooden stock, and projecting down 
from the wood of the stock ; the edge of the cutting-iron 
being the full ividth of the groove required : it is guided by 
a fence with bars like the sash-fillister, and has also a stop to 
regulate the depth intended for the grooves. 

Moulding-planes are those which have their faces and 
cutting edges curved, to produce all the varieties of orna- 
. mentsd mouldings ; they are known by the names oftnipe't- 
hills, side rebates, Beads, hollows, rounds, ovolas, and ogeei. 
Of these there are a great variety of sizes, with which every 
rood joiner is furnished. 
g,The whole of these planes have their faces straight in the 
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direction of tlieir length ; but a section across the face i 
the impression or reverse of the moulding they are intended 
to make. 

The tools employed in boring cylindric holes are a stock 
with hits, gim/et.t, and ftrarf-ait'/s of various descriptions and 
fizes. The tools used for paring the wood obliquely, or 
across the fibres, and for cutting rectangular prismatic ca- 
vities, are in general denominated chisels ; those for paring 
the wood across the fibres being called firmers, or paring- j 
chisels, and those for cutting mortises, mortise-chisels. 'Vht J 
beat paring-chisela are made entirely of cast steel. Chisels j 
for paring concave surfaces, are called gouges. 

Wood is generally divided or reduced by means of saws, 
of which there are several sorts ; as the ripping- saw, for 
dividing boards into separate pieces, in the direction of the 
fibres J the hand-saw, for cross- cutting, or for sawing thin 
pieces in the direction of their length ; the panel-saw, either 
for cross cutting, or cutting very thin boards longitudinally j 
the tenon-saw, with a thick iron back, for making an inci- 
sion of any depth below the surface of the wood, and for 
cutting pieces opposed to the length of the fibres ; also a 
sash-saw, and a dovetail-saw, used much in the same way 
as the tenon- saw. 

From the thinness of the plates of these three last-men- 
tioned saws, it is necessary to stiffen them by a strong piece 
of metal called the back, which is grooved to receive the 
upper edge of the plate, fixed to the back, and which is 
thereby secured ana prevented from crippling. 

When it is required to divide boards into curved surfaces, 
a. very narrow saw without a back, called a compass-saw, 
is used ; and in cutting a very smalt hole, a saw of a similar 
description is used, called a key-hole-saw. Both of'these 
description of saws are called turning-saws, and have their 
plates thin and narrow towards their bottoms, and each 
succeeding tooth finer. 

The externa! and internal angles of the teeth of all sawi 
are generally formed at one angle of GO degrees, and the 
fiontedge teeth slope backwards in a small degree. The 
teeth of every descnption of saw, except turaing-saws, are 
alternately bent on contrary sides of the plate, so that all 
the teeth on the same side are alike bent throughout the 
length of the plate, for the purpose of clearing the sides of 
the cut made by it in the wood. The foregoing are generally 
termed tdge- tools. 

When it is necessary to ascertain if an angle be exactly 
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square, or inclined to any number of degrees, a tool 4 
a square is used, and in the latter instance, a bn-elis t 
the angle; when any piece is to be reduced to a puallel 
breadth or thickness, an insCrumeuL, called a gauge, formed 
of a square piece with a mortise, baring a sliding bar, called 
a stetn, running through it at right angles, and ^imisbed 
with a tooth, projecting a little from the surface, is used; 
so that when the stock of the gauge is appbed to the verti- 
cal side or edge of the piece, Hilb the toothed side of the 
stem upon the horizontal surface, and is poshed and drawn 
alternately backivards and forwards by the workntao, the 
tooth will make an incision from the surface into the wood, 
at a parallel distance from the edge to which the slock part 
is applied. 

When a mortise is to be made in a piece of wood, the 
gauge used has two teeth. The constmction of this gauge 
is the same as that before described, except that the tooih 
nearest the stock niove^B by means of a longitudinal alider 
in the stem, which is to be set at a distance from the other 
tooth, as occasion may require. 

If a piece of wood is to be sawn across the fibres, a flat 
piece of wood, which has two projecting knobs, on opponte 
sides, one at each end, called a side-liook, is used, to keep 
the piece which has to undei^o the operation of the saw 
steady ; the knob at one end presses against the piece, while 
that at the other end is hoobed to the bench. Two of 
these are necessary when the pieces are long. 

When a piece of wood is required to be cut to a mitre, 
that is, to half a right angle, joiners use a trunk of wood 
with three sides, like a box that has neither ends nor top, the 
sides and bottom beiag parallel pieces, and the sides of equal 
height. Through each of the opposite sides, in a plane per 
pendicular to the bottom, and at the oblique angles of 45" 
and \'6b° with the planes of the sides, a kerf is cut; and 
another kerf is made with its plane at right angles to the 
two former. Into thb trunk, termed a mitre-box, the piece 
to be cut is put, and the saw, guided by the kerfe, cut* the 
wood to the angle required. 

In making a straight surface, a strip of wood called a 
straight-edge, which has one of its edges perfectly straight, 
is frequently applied, to detect the irregularities, and the 
piece is accordingly planed with the trying plane until the 
surface coincides with the straight-edge. 

To ascertain if the surface of a piece of wood be in one 
plane, the joiner takes two slips of wood, each straightened 
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on one edge, with the opposite edge parallel, and both 
pieces of the same height, and places them one at each end, 
across the board under operation ; he then looks in the lon- 
gitudinal direction of the board over the upper edges of the 
slips, and if the two edges and his eye be not in one plane, 
the upper parts are planed down until the piece is said to be 
out of wind, and the saine term is applied to the slips, which 
are called winding-sticks. The operation of making the 
edge of a board straight is called shooting ; and the edge so 
made is said to be shot. 

From what has been here said of the application of the 
principal tools used by the joiner, we consider any further 
account of the primary processes unnecessary ; we shall, 
therefore, proceed to tay before the reader the best methods 
in use of effecting some of the more difficult and particular 
operations. 

To construct the surface of a portion of a cylinder with 
wood, when the fibres are at right angles to the aaris of the 
a/Under, such as may be used in a circular dado, or the sof- 
fits of windows. 

If the dimension of the cylindric surface, parallel to the 
axis, be not broader than a plank or board, this may be 
done by gluing several thicknesses of veneer upon each 
other ; the first upon a mould, or upon brackets, with their 
edges in the surface of the proposed cylinder, parallel to its 
axis. This may be effected by means of two sets of brackets 
fastened to a board, one convex and of the curve intended, 
and the other concave of the curve of the exterior of the 
whole thickness of veneers, or somewhat larger; this last 
bracket is then applied on the top of the veneers and fas- 
tened to the other bracket, and the veneers are then forced 
together by means of wedges between the concave brac- 
ket and the veneer. If this operation be carefully done and 
the glue properly dried, the wedges may be slackened and 
the work will stand well, but it must be observed, that, as 
the wood has a natural tendency to unbend itself, the curved 
surface, upon which it is glued, should be rather quicker 
than that intended to be made. 

A second plan is to form a templet or cradle to the sur- 
face intended, and lay a veneer upon it ; then to glue a num- 
ber of blocks of wood upon its back, closely fitted to its 
surface, and the other joints to each other, the fibres of the 
veneer being parallel to those of the blocks. 

'A third method ia to make a cradle and place the veneer 
upon it, confining one endi lay the plue betwetiu T 
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veneers with a brnsh, uul fix a bntfie 
ends either by nails or by screws ; open tfae » 
put glue a second time b^ween ac)^ aikc) &k motfaa- Imde 
across them ; and in this maima- | »oeeed lo the otba ex- 
tremity. 

A. fourth plan is to cnt a oamber of njiiiihliii l g;iinmi 
across the Imck of the board, at i^lit a^^a to ito e^o, 
leaving only a small ttiicknesa towards tbe nee; then to bead 
this round a cradle with the gnwre g ontvinfa, and ffll tke 
grooves with strips of wood, which, after the glae it qnte 
dr}', must be planed down level with tbe iwEKC of the 
board, lliis may be stiffsied by glimig smii^ caama on 
the back. 

To bend a board to as to form the fnattOK of a come, or 
any segmental portion of the frtuhun of a fjae, om the aof- 
Jit of the head of an aperture, 

Wbcn the envelope of the careriog b faaud by the rale 
laid down ttnder the article Masoary, page ^42^ lad 
the mould is made with a thin piece of board, cot oat the 
board intended to be bent, and ran a namber of nw kerfr, 
or grooves made by a plane, (which are pr^enbie,) equi- 
distant from each other, and tending to the oeotte, and 
having fixed it to a templet, made to (be sttr&ee of a cone, 
finish it in the manner shonm in tbe last method, for a 
cylinder. 

7b glue up the shaft of a column, tuppoiing it to be the 
frustum of a cone. 

Prepare as mauy staves as the drcomference majr require, 
and let the joints of each be so managed a» to fidl m tbe fil- 
lets, which disposition will be stronger than if they were to fall 
in the middle of the flutes. Suppose eight piece* to be suf 
fieient to constitute the shaft of a column : dencribc a circle 
to the diameterof each end ; about each circle describe an octa- 
gon ; from the concourse of each angle draw a line to the cen- 
tre, then draw an interior concentric octagon, with each fide 
parallel to the respective sides of the corropooding otte, 
and the distance between these two octagorw cijaal to the 
thickness of the staves ; and thus the section of the stavea 
will be found at each end, and consequently, the Iwrvt-I* will 
be obtained throughout the whole length. In order to join 
the column, glue two pieces together, and when (luite dry, 
glue in blockings to strengthen them ; join a third piece to 
the former two, and secure it also by blockinnx. In thii 
manner proceed to ast piece but one. In fixing the lut 
he blockii w idued to tha adjacent Mtaienj 
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intended to ^H 
Lck may rest ^B 



and their surges, on which the last stave 
rest, must be all in the same plane, that its back may re»t 
firmly upon them. In closing up the remaining space, the 
part of the column that is glued together should be kept 
from spreading by confining it in a kind of cramp, or cra- 
dle, while driving the remaining stave to close the joints. 

Instead of the foregoing mode, some joiners glue up the 
columns in halves and then glue them together. When au 
iron core is necessary to support a floor or roof, the column 
must necessarily be glued up in halves ; in which case the 
two halves are to be dowelled together, and the joints filled 
with white-lead. Instead of a cramp, a rope is used^ 
twisted by means of a lever. In bringing the two halves 
together, the percussive force of the mallet must be applied 
upon the middle of the surface of one half, while an assist- 
ant holds something steady against the middle of the other, 
that the opposition may he equal, and by this means the 
surfaces will be brought into contact, and form the joint 
as desired. In this operation pieces of wood ought to be in- 
serted between the column and the rope. 

Boards can be connected together at any given angle, 
either by pins or nails, mortise and tenon, or by indenting 
them together. 

This last mode, from the sections of the hollows and pro- 
jecting parts being formed like a dove's tail, is called dove- 
tailing. 

There are three sorts ai dovetailing ^ viz. common, lap, 
and mitre. Common dovetailing shews the form of the 
projecting parts, as well as of the excavations made to re- 
ceive them ; lap dovetailing conceals the dovetail, but shews 
the thickness of the lap on the return sidei and mitre dove- 
tailing conceals the dovetail and shews only a mitre on the 
edges of the planes at the surface of the concourse ; that is, 
the edges in the same plane, the seam or join being in the 
concourse of the two faces, making the given angle with 
each other. . 

Concealed dovetailing ia particularly useful where the faces 
of the boards are intended to form a saliant angle ; but 
when the faces form a re-entrant angle, common dovetailing 
is preferable. 

There is another simple and expeditious manner of cou- 
necting the ends of boards together where the faces form a 
re-entrant, or internal angle, by means of a groove in the 
^ne, and a tongue in the other ; and if the pieces be pre 
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viously nailed so that the nails be uot seen in the faces, tnis 
^vill answer every purpose of common dovetailing. 

As various methods are employed in connecting pieces of 
wood so as to form an angle, we shall here present the 
reader with so.iie of the best examples. 

Fig^B. 595 and 59S are methods of connecting: two pieces of wood so b» 
to form two interonl right angles. 

Figs. 597, 598,599, 600, 601, and 602, exhibit the joining of boards at 
nn external angle. 

In FigH. S9S anil 599 the external angle, being that which is expoaed 
to Hi?ht, is rounded or beaded, 

Fi|-. 600 is the moat common of mitres. 

Fig. 601, a lapped mitre, wliich is mncli Etrong;er than Fig. GOO. 

Fig. SOS. a, lapped and tongued mitre. 

Fig. 603, dovetailing. 

Fig. 60 ^ secret dovetailing. 

If several boards are required to be joined together to 
form a broad face, they are sometimes strengthened by fix- 
ing, with a tongue and gi'oove, or mortise and tenon, 
another narrow pie^;e across each end : the cross piece is 
termed a clamp, and the board thus constructed is said to 
be clamped. 

The most simple description of door is constructed of 
several boards simply rebated together, or each edge plough- 
ed and toiigiied ; these are confined togetTier by a transverse 
piece, called a ledge nailed a cross, from which the door de- 
rives the name of a ledge-door. 

When strength, durability,and beauty are to be combined, 
4 frame, joined by mortise and tenon, is constructed with 
one or more openings ; and these 'penings are filled with 
pieces called panels, fitted into grooves, ploughed in the 
edges of the frame. The horizontal pieces of the framing are 
called, according to their situation, top-rail, hottom-rail, 
lock-rail, &aA frieze-rail. On the lock- rail the lock is either 
mortised in, or screwed on ; and the frieze-rail is an interme- 
diate rail between the top and middle rail. The extreme 
vertifcal pieces to which the rails are fixed are called stiles ; 
and if there be any intermediate piece it is called a 
mounting. 

Doors derive their names according to the manner in 
which they are framed and the number of panels they con- 
tain, as one, two, four, six, &c. panelled doors ; and are 
further described by the moulding and description of panel. 
Jib-doors are those which, when shut, are as much con- 
cealed as possible. They are used to preserve the uni- 
formity of a room^ or to save the expense of a correspoiidiug 
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door. Doors ought to be made of the best materials, per- 
fectly seasoned, and firmly put togethei- ; the mitres or 
scribings should be brought together with the greatest ex- 
actness, and the whole of their surfaces be perfectly smooth. 

The mortising, tenoning, ploughing, and sticking of the 
mouldings, ought to be worked correctly to the gauge-lines ; 
otherwise the door, when put together, will be out of 
truth, and occasion the workman a great dta! of trouble, 
paring the different parts to make it appear satisfactory : 
the door will also lose much of its firmness, especially if the 
mortises and tenons require to be pared. 

In bead and flush doors, make the work square, after- 
wards put in the panels, and smooth the whole off to- 
gether ; then, marking the panels at the parts of the fram- 
ing to which theyagree, take the door to pieces, and work the 
beads on the stiles, mountings, and rails. If the doors are 
double margin, that is, representing a pair of folding doors, 
the staff stile, which imitates the meeting-stiles, must be 
inserted into the top and bottom rails of the door, by fork- 
ing the ends into notches cut in the top and bottom rails. 

In the hanging of doors, the chief aim is to clear the car- 
pet or gi'ound ; which may be accomplished by observing 
the following rules. First, let the floor be raised under the 
door, according to the intended thickness of the carpet ; 
secondly, let the knuckles of the top and bottom hinges be so 
placed, that the top hinge hang, or project, about one 
eighth of an inch over the lower ; that is, if the hinge be let 
equally into the door and into the jamb, project a little be- 
yond the surface of the door ; but if the centre lie in the 
surface of the door, it must be placed at the very top, which 
is seldom done, except when the door is hung with centres. 
Thirdly, let the jamb on which the door hangs, be fixed 
about an eighth of an inch out of the perpendicular, the 
upper part inclining towards the opposite jamb; and 
fourthly, let the inclination of the rebate be such, that the 
door shall, when shut, project at the bottom, towards the 
room, about an eighth of an inch. 

These several methods, practised on so small a scale, are 
not perceptible; but, nevertheless, will throw the door, 
when opened, to a square sufficiently out of the level ; that 
is, at least half an inch, when the height of the door is 
double the width. 

Several kinds of rising hinges have been introduced for 
■'lis purpose : some of the best, constructed of brass, are by 
' > means objectionable, even to the best doors. 
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J Before we proceed to the principles of hanging doora, we 
yball submit to the reader some iuformaCion on the subject 
of hinging in general. 

The placing of binges depends entirely on the form of the 
joint, and as the motion of the door or closure is angular, and 
performed round a fixed line as an axis, the hinge must be 
so fixed that the motion be not interrupted : thus, if the joint 
jonlain the surface of two cylinders, the convex one in mo- 
tion upon the edges of the closure, and sliding upon the 
concave one which is at rest on the fixed body, the motion 
of the closure must be performed on the axis of the cylin- 
der, which axis must be the centre of the hinges. In this 
case, whether the aperture be abut or open, the joint will be 
close; but if the joint be a plane surface, jt is necessary to 
consider upon what side of the aperture the motion is to be 
performed, as the hinge must be placed on the side of the 
closure where it revolves. 

The hinge is made in two parts, movable in any angular 
direction, the one upon the other. 

The knuckle of the hinge is a portion contained under a 
cylindric surface, and is common both to the moving part 
and the part which is at rest ; the cylinders are indented in- 
to each other, and are made holloiv to receive a concentric 
cylindric pin, which passes through them, and connects the 
moving parts together. 

The axis of the cylindrical pin, is called the axis of the 
hiiige. 

When two or more hinges are placed upon a closure, the 
axis of the hinges must be in the same straight line. 

The straight line in which the axis of the hinges are placed 
is called the line of hinges. 

We shall now proceed to the principle of hanging doors, 
shutters, or flaps, with hinges. 

The centre nf the hiiif e in generally put in the middle of the joiut, nt 
at A, Fig. cos, but in manj cnsea there Is a necessity for throwing faaek 
the flap to a. nerlaia distance from the joint ; in order to effect tliis, snp- 

Kee the flap when folded back, were required to be at a certain distance 
un the joint, as BA, Fig. G05, divide BAin two equal parts at the poiat 
C, and it will give the centre of the hinge. The centre of the hinge 
must be placed a small degree beyond the surface of the closure, other- 
wise it will not fall freely back ou the jamb, or partition. It must also be 
obserced, that, the centre of the hinge must be on the same side as there- 
bate, or '.t will not open without the joint being constructed in a particu' 
lar form. 

To hang two flaps, so that when folded back, they shall be 
'n distance f 
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bi|^ to kalf that distance, as appears Froni Fiif. G07: thia lort uf hinje U 
used in hanging the doore of pews, in order to clear the moulding ur ths 
toping. Fig. SD7, No. 2, shows the game hin^e opened. s 

T'o make a rule Joint for a window-shutter, or other fold' % 
ingjiap. I 

Fig. 606, No. 1 . Let a he the pkce of the joint, draw o c at right an- ** 
*eH to the flap, shutter, or dour, take c, in the line a c, for the centre of 
e hinge, and the pliiin part a b, agmavbe thought necessary ; ore, with 
radius, e i, describe the arc b d; tlien will a b d he the true joint. 
The knuckle of the hinge i« alwaysplacedin the wood ; because the further 
it is inserted, the more of the joint will be covered when it is opened to a 
right angle, as in Fig. 606, No. 2; but if the centre of the hinge were 
placed the least without the thickness of the wood, it would show an cpea- 
space, which would be a blemish. 

To form the joints of stiles, to be hung together, tvhen the i J 
knuckle of the "hinge is placed on the contrary side of the B 



j^de, c h the depth of the rebate iu the middle of the thickness of the itjlett I 

perpendicular to t m, and If the joint on the other side, parallel tot m; I 

puect 1 1 at k, join k c, on ke describe a semicircle eik, cutting im at fc J 

through the points h audk draw hk g, mttiogflatg; then willfg. Am 

bft the true joint, ' 

Fi^. 609 represents the common method of hnoging shutters together. 
the hinge being let the whole of its thickness into the shutter, and not inb 
the sash-frame. Bj this mode it is not so firmlj' hung as when half nf it ii 
ii let into the shutter, and half into the ^ish-fraine ; but the liningmay bs ^ 
ituide thinner. '' 

It may here be proper to observe, that the centre of the j 
hinge must be in the same plaj)e with the face of the shut- 
ter, or beyond it, but not within the thickness. 

How to construct a Joint for hanging doors with centres. 

Pig. 614. Let a d be the thickness of the door, bisect it in 5, draw h e 
perpendicular to a h, make h c equal to b a, or h d, or e, the centre iif the 
ning'e, with a radius c a, or c d, describe an arc, a ed, which will give 
the joint required. 

Another plan is represented in Fig. 013. Drawn b parallel to the jamb, 
meeting the other side in b, make b d equal to b a, and join a d and a c, bi- 
sect a c by a perpendicular ef, meeting a d in/, then / is the centre of 
the hinge. 

Figs. QIC, 611, and 612, exhibit different methods of hanging ftaps. 
Sec. These are so very simple, that by a little attention the reader will 
■ radii/ perceive their uses and manner of construction. 

We shall now detail the construction of sash-frames, 
sashes, and shutters, and the manner of putting the several 
parts together. 

'^~. 61S, No. I, the elevation ; No. 2, the plan ; and No. 3, the se. 
; showing the maimer in which the iliffereiil parts are 
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No. I. A Back. — B Flush skirting, scpnnited from the bitck by fluili 
reeds, aji<I ehawing- the saiue deptli of pJliith as the blocki of the pilas- 
ters. — C (J Blocks or plinths to pilasters. — D D Pilasters. — BEPatteras, 
— a a a It Inside beaa of sash-frame. — b b 6 rounded edjfe of boxing--sti[e. 

No. 8, Flan of saeh-frame, shutters, pilasters, and the differeot parts 
are explained in the figures. 

No. 3. a thickness of the pilaster or architrave ; b the rounded edg'e of 
the budng-stile ; c the breadth of the shutter ; i^ bead of the sash-frame ; 
a nnder sash ; f top ditto ; g parting- head ; A outside lining and bead. 
{the breadth of the reveal or outer brick-work ; h k lintels made of stHmg- 
yellow deal or oak ; I the head of tile ground ; m the architrave or pilaster 
nxed upon the grounds ; n the sofiit, tongued into the top of the sash~ 
frame-head ; and, on the other edge, into the head of the architrave m ; 
the sash-frame head ; p the elbow ; q capping j r sash-frame cill ; t sash- 
nil; (Btone-dll. 

The face of the pulley-atile of every sash-frame ought to 
project about three-eighths of an inch beyond the edge of 
the brick- work ; that is, the distance between the face of each 
puliey-stile ought to be less by three quarters of an inch 
than in the clear of the reveals on the outside ; so that the 
face of the shutters ought to be in the same plane with the 
Gtone or brick-work on the outside. 

Fig. 6IC shows a plan of a, saah-frame and shutter on the same princi- 
ple as the foregoing, and which may be applied to a similar windotr. 

As the thiclmeas of the wall is here conceived to be less than in the fore- 

Soing example, another back-flap is introduced: — a the outside lining ; 
the pulley-stile ; e the inside linra^ ; d the back lining ; e/tlie weights ; 
C parting slip of weights ; A parting bead to sashes ; t inside bead ; A 
nek lining of boxing ; / ground, or bosing--stile, grooved to receive the i 
Slastering; m front shutter hung to the inside lining, c, uf the sash- 
ame by the hinge n; o p back flaps hinged together at q, and to the 
abutter at r; j architrave or pilaster. 

Fig. 617. Is a vertical section of the cill, &c. of the same sash-frame ; 
a bottom rail of Eash ; b cill of the sasb-frame ; c back of recess of win- 
dow ; d coping bead, or capping let into the sash-frame cill ; e ineide 
bead, tongued on the top of the cill; A outside lining i/spaceforthetop- 
wsh to run in ; g parting bead. 



This is one of the most important subjects connect- 
ed with a joiner's art, and should be attentively consi- 
dered, not only with regard to the situation, but as to the 
design and execution. The convenience of the building 
depends on the situation ; and the elegance, on the design 
and execution of the workmanship. In contriving a grand 
edifice, particular attention must be paid to the situation of 
the space occupied by the stairs, so as to give thorn the 
most easy command of the rooms. 

With regard to the lighting of a good staircase, a sky- ■ 
light, or rather lantern, is the most appropriate ; for these 
2q 
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unite elegance with utility, that is, admit a powerful light, 
with elegance in the design ; indeed, where the staircase 
does not adjoin the exterior walls, this is the only light that 
can be admitted. Where the height of a story is consider- 
able, resting places are necessary, which go under the name 
of guarter-paces, and half-paces, according as the passenger 
has to pass one or two right-angles ; that is, as he has to 
describe a quadrant or semi-circle. In very high stories, 
which admit of sufficient head-room, and where the space 
allowed for the staircase is confined, the staircase may 
have two revolutions in the height of one story, which will 
lessen the height of the steps ; but in grand staircases only 
one revolution can be admitted, the length and breadth of 
the space on the plan being always proportioned to th< 
height of the building, so as to admit of fixed proportioui^ 

The breadth of the steps ought never to be more than I{ 
inches, or less than nine ; the height not more than sevea 
or less than five : there are cases, however, which are ex- 
ceptions to all rule. When the height of the story is gives 
in feet, and the height of the step in inches, you may thronp 
the feet into inches, and divide it by the number of inchei 
the step is high, and the quotient will give the number of 
itepe. 

It is a general maxim, that the greater breadth of a step 
requires less height than one of less breadth ; thus, a step>_ 
of 12 inches in breadth will require a rise of 65 inches, whii^' 
may be taken as a standard, to regulate those of other di- 
mensions. 

Though It is desirable to have some criterion as a guide in 
the arrangement of a design, yet workmen will, of course^ 
vary them aa circumstances may require. Stairs are con-T 
structed variously, according to the situation and destina- 
tion of the building. 

Geometrical stairs are those which are supported by 
having one end fixed in the wall, and every step in the as- 
cent having an auxiliary support from that immediately be- 
low it, and the lowest step from the floor. 

Bracket -stairs are those which have an opening or well^ 
with strings and newels, and are supported by landings and 
carriages ; the brackets are mitred to the ends of each riser, 
and are fixed to the string-board, which is moulded beloi? 
like an architrave. 

Dog-legged stairs are those which have no opening, or 

well-hole, and have the rail and balusters of both the pro- 

k """etsive and returning flights falling in the samererticKl 
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planes, the steps being fixed to strings, newels, and car- 
riages, and the ends of the steps of the iufci'ior kind termi- 
nating only upon the side of the string, without any housing. 
In taking dimeasions and laying down the plan and section 
of stair-cases, take a rod, and, having ascertained the num- 
ber of steps, mark the height of the story, by standitig the 
rod on the lower floor : divide the rod into as many equal 
parts as there are to be risers, then, if you have a level sur- 
face to work upon below the stair, try each of the risers 
as you go on, and this will prevent any excess or defect ; for 
any error, however small, when multiplied, becomes of con- 
siderable magnitude, and even the difference of an inch in 
the last riser, will not only have a bad effect to the eye, but 
will be apt to confuse persons not thinking of any such ir- 
regularity. In order to try the steps properly by the story 
rod, if you have not a level surface to work from, the better 
way will be, to lay two rods on boards, and level their top 
surface to that of the floor : place one of these rods a little 
within the string, and the other near or close to the wall, so 
as to be at right angles to the starting line of the first riser, 
or, which is the same thing, parallel to the plan of the string ; 
set off the breadth of the steps upon these rods, and num- 
ber the risers ; you may set not only the breadth of the 
flyers, but that of the winders also. In order to try the 
story-rod exactly to its vertical situation, mark the same 
distances of the risers upon the top edges, as the distances of 
the plan of string-board, and the rods are from each other. 
In bracket-stturs, as the internal angle of the steps is open 
to the end, and not closed by the string as in common dog- 
legged stairs, and the neatness of workmanship is as much 
regarded as ih geometrical stairs, the balusters must be 
neatly dove-tailed into the ends of the steps, two in every 
step. The face of each front baluster must be in a straight 
surface with the face of the riser, and, as all the balusters 
must be equally divided, the face of the middle baluster 
must stand in the middle of the face of the riser of the pre- 
ceding step and succeeding one. The risers and heads are 
all previously blocked and glued together, and when put up, 
the under side of the step nailed or screwed into the under 
edge of the riser, and then rough brackets to the rough 
strings, as in dog-legged stairs, the pitching pieces and 
rough strings being similar. In glueing up the steps, the 
beat method is to make a templet, so as to fit the external 

. angle of the steps with the nosing. 

^ 2q2 
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■ The steps of geometrical stairs ought to be constructed 
as to have a very light and clean appearance when put up : 
for this purpose, and to aid the principle of strength, the 
risers and treads, when planed up, ought not to be less than 
one eighth of an inch, supposing the going of the stair, 
or length of the step, to be four feet, and for every six inches 
in length, another one-eighth may be added. The risers 
ought to be dove-tailed into the cover, and when the steps 
ere put up, the treads are screwed up from below to the 
under edge of the risers. The holes for sinking the heads of 
the screws ought to be bored with a centre-bit, then fitted 
closely in with wood, well matched, so as entirely to con- 
ceal the screws, and appear as one uniform surface. Brack- 
ets are mitred to the riser, and the nosings are continued 
round. In this mode, however, there is an apparent de- 
fect; for the brackets instead of giving support, are them- 
selves unsupported, and dependent on the steps, being of no 
other use, in point of strength, than merely tying the risers 
and treads of the internal angles of the steps together : and, 
from the internal angles being hollow, or a re-entrant angle, 
except at the ends, which terminate by the wall at one extre- 
mity, and by the brackets nt the other, there is a want of 
regular finish. The cavetto, or hollow, is carried round the 
front of the riser, and is returned at the end, and mitred 
round the bracket, and if an open string, that is, the under 
side of the stairs open to view, the hollow is continued along 
the angle of step and riser. 

The best plan, however, of constructing geometrical stairs 
is, to put up the strings, and to mitre the brackets to the 
risers, as usual, and enclose the soffit with lath and plaster, 
which will form an inclined plane under each flight, and a 
winding surface under the winders. In superior staircases, 
for the best buildings, the soffit may be divided into panels. 
If the risers are made from two inch planks, it will greatly 
add to the solidity. The method of drawing and executing 
the Bcrall, and other wreath parts of the hand-rail, will be 
given in a subsequent part of this article. 

In constructing a flight of geometrical stairs, where the 
aoffit is inclosed as above, the bearers should all be framed 
together, so that when put up, they will form a perfect 
staircase. Each piece of frame-work, which forms a riser, 
should, in the partition, be well wedged at the ends. This 
plan is always advisable when strength and firmness are re- 
quisite, as the steps andrisers are entirely dependent on the 
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framed carriages, which, if cai-efully put together, will never 
yield to the greatest weight. 

Fig. 019 will ahow the Bcctiun of this framinif firmly put together, niid 
wedged into the partition, aa above described. 

In preparing the string for the wreath part, a cylinder 
should be made of the size of the well-hole of the stair- 
case, which can be done at a trifling expense ; then set tlie 
last tread and riser of the flyers on one side, and the first 
tread and riser of the returning flight on the opposite side, 
at their respective heights ; then on the centre of the curved 
surface of this cylinder, mark the middle between the two, 
and with a thin slip of wood, bent round with the ruling 
edge, cutting the two nosings of these flyers and passing 
through the intermediate height marked on the cylinder, 
draw a line, which wilt give the wreath line formed by 
the nosings of the winders ; then draw the whole of 
the winders on this line, by dividing it into as many parts 
aa you want risers, and each point of division is the nosing 
of such winder. Having thus far proceeded, and carefully 
examined your heights and widths, so that no error may 
have occurred, prepare a veneer of the width intended 
for your string, and the length given by the cylinder, and 
after laying it in its place on the cylinder, proceed to glue a 
number of blocks about an inch wide on the back of the 
veneer, with their fibres parallel to the axis of the cylinder. 
When dry, this will form the string for the wreath part of 
the staircase, to be framed into the straight strings. It is 
here necessary to observe, that about five or six inches of 
the straight string should be in the same piece as the circu- 
lar, so that the joints fall about the middle of the first and 
last flyers. This precaution always avoids a cripple, to 
which the work would otherwise be subject. 

Pi?. 018, Nn. 1. is s plan of a dog: -legged staiicaae, a the seats of the 



'. 018, No. 1. is 8 plan of a dog-legged staiicaae, i 
newels, c the seat of the upper newel. 

No. 2. The elevation of the same. 

AB. The ncweU ; the part AC being turned. 
PO the ciirriage piece. — HI upperatring board framed 



■DE the upper newel. — 

_, , ,, . .. ., j-amed into the newel, — 

joist framed into the triranier. 
To describe the ramps ; produce the horizontal part of the knee to L, 
and also the under side of tlic rail until it meets the face of the first bnluB- 
ter, at e, make cri equal toe D, and upon Ad, andfrom the point (/, draw 
theperpendicular d L, and L is the centre for describing the ramps rf D. 
The Blory-ri>d a 6 Is a very necessary article in filing- the stepe ; for, if 
a cotninon rule be ueed for this purpose, the workmen will bo very liable 
to err and render the staire extremely faulty, which cannot take place if the 
Btory-rud be applied to every riser, and the successive riser* be regulated 
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In the construction of dog-legged staircaaes, the first 
thing is, to take the dimensions of the stair, and the height 
of the stoiy, and lay down a plan and section upon a floor 
to the full size, representing all the newels and steps ; then 
the situation of the carriages, pitching pieces, long and cross 
bearers, as also the string boards ; the strings, rails, and 
newels, being framed together, must be fixed with temporary 
supports. The string-board will show the situation of the 
pitching- pieces, which must be put up in order, wedging 
cue end firmly into the wall, and fixing the other to the 
string-board ; this being done, pitch up the rough strings, 
and finish the carriage part of the flyers. Having proceeded 
thus far, the steps are next applied, beginning at the bot- 
tom and working upwards, the risers being all firmly nailed 
into the treads. 

In the best kind of dog-legged stairs, the nosings are re- 
turned ; sometimes the risers are mitred to the brackets, and 
sometimes mitred with quaker strings. In the latter case a 
hotlowis mitred round the internal angle of the under side 
of the tread, and the face of the riser. Sometimes the 
string is framed into the newel, aud notched to receive the 
ends of the steps ; the other end having a corresponding 
notch-board, and the whole flight being put up like a stei)- 
ladder. 

Fig. 6\S, No. I and 2, is a plau and elevation of a geometrical stair- 
case, nie lowar part, No. S, shows the section of the steps and car- 
riages, which are framed togetlier as directed in a former part of this 

The methods of finding the different moulds necessary in 
the formation of the wreath part of the hand-rail, will be 
found in the next plate. 

7\> draw ike scroll of a hand-rail. 

Pig. 630. First make a circle Si inches in diameter, divide the diameter 
into three equal parts, make a aquare in the centre of the circle equal to 
one of those parts, and divide each side of the square into eix equal parts. 

Fig-. 4, ehotTs this square on a lar^r scale, and hlA in the same position 
as the little square above, with the different centres marked. The centre 
at 1 draws from a to b, the centre at 9 from b to e, aud the centre at 3 
from e to d, &c. which will complete the outside revolution at A; let the 
thickness uf the rail from efand to x, draw the inude the reverse waj, 
and the scroll will be completed. 
To draw the curtail-steps. 

Set the balusters in their proper places on each quarter of the scroll. 
Fig-. 3, the first baluster showing the return of the nosing' round the 
step, the second placed at the beginning' of the twist, and the third a 
quarter distant, and straight with the front of the lait riser ; then set the 
projectionnf the iiosint;' without, and draw it round equally dlBtantfrMD 
tha sertJl, which will give the form of the curtail. 
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As the method of getting a scroll out of a eolid piece of 
wood, having the grain of the wood to run in the same 
direction wilh the rail, is far preferable to any other method 
with joints, being much stronger and more beautiful than 
any other sccoll withoneor two joints, we shall here give the 
method of finding a face-mould to apply on the face of the 
plank, 

Place your pitch board ? nut with m n passing through the eje of the 
scroll, tiiBU draw cirdinates across the scroll Rt discretion, and take the 
length of the line o n, with its diviaiona, and lay it on n n, atFi^. 621, then 
the ordinate being drawn, tnke the different dintanoes 2 x, 3 ?, 4 v, &c. 
and trnnnfer them to 8 jf, 8 s, in, &c. and the rest of the puinta being taken 
in the same manner, a cur?e may be traced which will be the face-mould 
required. 

To find the parallel tkkkness of the plank. 
Fig. OSS. Let /mn be the pitch board, and let tbe level uf the scroll 
rise une.sixth, that is, divide / m into tin equal parts, and the bottom 
division is tbe top of the level of the scroll : from the end of the pitch 
board, set on n to o, half the thicknessofabaluster, to the inside ; thenaet, 
from o to p, half the width of the rail, and draw the form of the raD on 
the end at p, the point » being where the front of the riser comes, the 
point p will be the projection of the rail before it : draw a dotted line to 
taueh the nose of the scroll, parallel with I n, then the distance between 
this dotted line and the under tip of the scroll, will show the exact thick- 
ness of plankin? ; but there is no occasion for the thickness to coiEe quite 
to the under side, for if it come to the under side of the hollow it will be 
sufficient, as a little bit glued under the holloiv could not be discernible, 
and can be no hurt to the scroll. In ordinary cases, where the tread is 
about II inches, and rise 6\, a scroll can be got out of a piece, about 4} 
inches thick. 

7h describe a section of a hand-rail, supposing it to be two 
inches deep, and two and a quarter inches broad, the usual 



Fig. GSS. Let ABC D be a section of the rail, as squared; on AB de- 
scribe an equilateral triangle AB a ; from a, as a centre, describe an are 
to touch AB, and to meet a A and a B ; take the distance between the 
point of section in a A and the point A, and transfer it from the point o. 
section to k, upon tbe same line a A, join DA; ; from k, with the distance 
between k and tbe end of the arc, describe another arc, to meet DA;; with 
the same distance describe a third arc, of contrary curvature, and draw & 
vertical line to touch it; which will form one side of tbe section of the 
rail, and Ihe counter part may be formed by a similar operation. 

The branch of Joinery that falls under our next and last 
consideration is that of hand- railing ; which calls into action 
all the ingenuity and skill of the workman. This art con- 
sists in constructing hand-rails by moulds, according to the 
geometrical principles, that if a cylinder be cut in any di- 
rection, except parallel to the axis, or base, the section will 
be an ellipsis ; if cut parallel to the fous, a rectangle ; and if 
parallel to the base, a circle. ' i 
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Now, suppose a hoUow cylinder be made to the size of the 
well-hole of the stair-case, the interior concave, and the ex- 
terior convex ; and the cylinder be cut by any inclined or 
oblique plane, the section formed will be bounded by two 
concentric similar ellipses ; consequently, the section will 
be at its greatest breadth at each extremity of the larger 
axis, and its least breadth at each extremity of the smaller 
axis. Therefore, in any quarter of the ellipsis there will be 
a continued increase of breadth from the extremity of the 
leaser axis to that of the greater. Now it is evident that a 
cylinder can be cut by a plane through any three points ; 
therefore, supposing we have the height of the rail at any 
three points in the cylinder, and that we cut the cylinder 
through these points, the section will be a figure equal and 
similar to the face-mould of the rail ; and if the cylinder be 
cut by another plane parallel to the section, at such a dis- 
tance from it as to contain the thickness of the rail, this 
portion of the cylinder will represent a part of the rail ivith 
Its vertical surfaces already worked : ana, again, if the back 
and lower surface of this cylindric portion be squared to. 
vertical lines, either ou the convex or concave side, through 
two certain parallel lines drawn by a thin piece of wood 
which is bent on that side, the portion of the cylinder thus 
formed, will represent the part of the rail intended to be 
made. 

Though the foregoing only relates to cylindrical well- 
holes, it is equally applicable to rails erected on any seat 
whatever. 

The /ace- mow Zrf applies to the two faces of the plank, and 
is regulated by a line drawn on its edge, which line is ver- 
tical when the plank is elevated to its intended position. 
This is also called the raking-mould. 

The falling-mould, is a parallel piece of thin wood ap- 
plied and bent to the side ©f the rail-piece, for the purpose 
of drawing the back and lower surface, which should be so 
formed, that every level straight line, directed to the axis of 
the well-hole, from every point of the side of the rail formed 
by the edges of the falling mould, coincide with the surface. 

In order to cut the portion of rail required, out of the least 
possible thickness of stuff, the plank is so turned up ou one 
of its angles, that the upper surface is no where at right 
angles to a vertical plane passing through the chord of the 
plane ; the plank in this position is said to be sprung 

The pitch- board, is aright-angled triangular board made 
to the rise and tread of the step, one side forming the right 
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Join DE. Fig. 684^ and produce DE to F. Draw DO and EL. Make 

DO equal to one-fourth (or any part oO the height from N to the upper 
edge of the fallinff mould. Fig. 625, and EL eaual to one-fourth, or the 
tame part, of the height from Q to the upper edge of the falling mould* 
Join OL and produce it to meet DE in F, join the dotted line BP. Draw 
IK, through toe centre F, perpendicular to BF* Draw « 6, a 6, &c. meet- 
ing IK. At any convenient distance from KI draw e d parallel to IK. 
Make the perpendicular of the face-mould equal to itt corresponding 
heirht on tne falling mould, and draw the straight line c e ; then draw 
ordinates A 6, A 6, &c. continue them until they meet ee, and from the 
p<»nto of intersection draw perpendiculars to e e, and set off tiie distances 
as shown by corresponding letters. Then by tracing a cufve through 
these points the face mould will be completed. 

The top line rrr^ &c. is left on the tallin? mould, to regulate its posi- 
tion when bent upon the convex surface, as the line rrtf and will fall into 
the plane surface of the top of the plank. This line is obtained by making 
the perpendiculars /r, 8 r, /r, &c. equal to the corresponding perpen- 
diculars/ 6, /6, &c. Fig. ^i. To find the face-mould of a staircase, so 
that when set to its proper rake it will be perpendicular to the plan where- 
on it stands for a level landing'. 

Fig. 626. Draw the central line, a h, parallel to the sides of the rail> 
on the right line a h apply the pitch-board of a flyer, from 6 to e draw 
ordinates n m, o ji, ^r, « i, iiv, at discretion, observing to draw one from 
the point r, so that you may obtain the same point exactly in the &ce« 
mould ; then take the parts which the ordinates give on the line a 6, and 
apply them at Fig. 627, and take the distances m n, |i o, &c. and transfer 
them to Fig. 627, and a curve through these points will be the face-mould 
required. 

To find the falling mould. 

Fig. 626. Divide the radius of the circle into four equal parts, and set 
three of these parts from 4 to a ; through x y, the extremities of the 
diameter of the rail, draw a x and a y, producing them till they touch 
the tangent AB ; then will AB be, the circumference of the semicircle 
M by, which is applied from A to B, Fig. 628, as a base line. Make A a 
the height of a step ; draw the hjrpotenuse a B, apply the pitch board 
of a flyer at a 6 c, and B d e, then curve off the angle bv intersection oi 
lines, and draw a line parallel to it, for the upper edge of the mould* 



MBASURES CUSTOMARY IN JOINBRs' WORK. 

Prepared boarding is measured by the foot superficial ; 
the following being the different distinctions :-^edge8 shot ; 
edge shot^ ploughed^ and tongued ; wrought on one side^ 
and edges shot ; wrought on both sides^ and edges shot ; 
wrought on both sides, ploughed, and tongued; boards 
keyed and clamped, mortise-clamped, and mortise and 
mitre-clamped. The prices are regulated according to the 
thickness. If the boards be glued, an additional price per 
foot is allowed ; if tongued, still more, according to the 
description of tongue. In boarded flooring, the dimensions 
are taken to the extreme parts^ from which the squares are 
to be oompoted. Deductions for chimneys^ stair-cafles 
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&c. are taken from this, llie price depends on the 
face, whether wrought or plain, the manner of the longi- 
tudinal and heading-joints, the thickness of stuff, whether 
the boards be laid one after the other, or folded, or whether 
the floor be laid with boards, battens, or wainscot. 

Skirting, when mde, is also measured by the foot super- 
ficial ; the price depending upon the position, whether level, 
raking, or ramping, or upon the maoner of finishing, whe- 
ther plain, torus, or rebated, or scribed to the floor, or to the 
steps, or upon the plan, whether straight or circular. 

Weather-boarding, is measured by the square of 100 su- 
perficial feet. 

Boarded partitions are measured by the square, from 
which must be deducted the doors and windows, except an 
agreement be made to tlie contrary. 

The price of all kinds of framing depends on the thick- 
ness, or whether the framing be plain or moulded; and if 
moulded, the description of moulding, whether struck on the 
solid, or laid in, mitred, or scribed ; as also upon the num- 
ber of panels in a given height and breadth, and upon the 
nature of the plan. 

The different kinds of wainscotting, as window linings, 
door linings, back linings, partitions, doors, shutters, &c. 
are ail measured by the superficial foot. 

Windows are in general valued by the foot superficial] 
though sometimes by the window. When measured, the 
dimensions are taken for height, from the top of the cill to 
the under side of the head, allowing seven inches for the 
head and cill ; and for width in clear of pulley- stiles, allow- 
ing eight inches. Theeash and frame are either measured 
together or separately. 

Skylights are measured by the foot superficial, their price 
depending on the plan aud elevation. Framed grounds at 
per foot run. 

Ledgcd doors by the foot su])erficial, dado by the super- 
ficial foot ; the price depending whether the plan be straight 
or circular, or the elevation level or inclined. 

In measuring stair-cases, the risers, treads, and carriages, 
ere generally classed together, and measured by the foot su- 
perficial: the price varying as the steps are flyers or wind- 
ers, as the risers are mitred into the string-board, the treads 
dove-tailed for balusters, and the nosings returned, or whe- 
ther the bottom of the risers be tongued into the treads. The 
curtail step is generally valued as a whole. Returned nosings 
at BO much each ; and if circular, double the price of straight 
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ones. The brackets at so much each, accordmg to the pat-^ 
tern, and whether straight or circular. 

Hand-railing is measured by the foot run, the price de- 
pending on the materials, the diameter of the well-hole, or 
whether ramped, swan-necked^ level, circular, or wreathed^ 
or whether made out of the solid, or in thicknesses. The 
scroll is paid at per piece. The joints at so much each, and 
three inches of the straight part at each end of the wreath 
are included in the measurement. Deal balusters are pre* 
pared and fixed at per piece ; as also iron balusters, iron 
column to curtail, housings to steps, &c. An extra allowance 
is made for the additional labour an fixing the iron balusters. 

The price of string-board is regulated by the foot super* 
ficial, according to the manner in which it is moulded, whe- 
ther straight, circular, or wreathed, and the manner in 
which such string is backed. The shafts of columns are 
measured by the foot superficial ; the price depending upon 
the diameter, and whether it be straight or curved, or pro- 
perly glued and blocked. If the column be fluted or reeded^ 
the flutes or reeds are measured by the foot run, their price 
depending upon the size of the flute or reed The headings 
of flutes and reeds are at so much each. Pilasters, straight 
or curved, in the height, are measured in the same way, and 
the price taken per foot superficial in the caps and bases if 
pilasters ; besides the mouldings, the mitres must be so 
much each, according to the size. 

Mouldings are valued by the foot run, as double-faced ar- 
chitraves, base and surbase. The head of an architrave in 
a circular wall, is four times the price of the perpendicular 
parts, not only on account of the time required to form the 
mouldings to the circular plan, but on account of the greater 
difliculty of forming the mitres. 

All horizontal mouldings, circular upon plan, are three or 
four times the price of those on a straight plan ; being 
charged more, as the radius of the circle is less : housings to 
mouldings are valued at so much each, according to the size. 

The price per superficial foot of mouldings is regulated by 
the number of quirks, for each of which an addition is made 
to the foot. 

The price of mouldings depends also upon the materials 
of which they are made, and upon their running figure, whe- 
ther curved or raking. 

In grooving, the stops are paid over and above, and so 
much more must be allowed for all grooves wrought by 
hand, particularly in the parts adjoining the concourse of 
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an aDgle : circular grooving must be paid still more. Water 


trunks are measured by the foot ran ; the rate deperidinp; 


upon the side of their square 


: the hopper-heads and shoes ^M 


are valued at so much each, a ^^ 


s also are the moulded weather ^1 


caps, and the joints. Scaffolding, &c. used in fixing, is ^| 


chained extra. 


^" 


Flooring-boards are prepared, that is, planed, gauged, and 


rebated to a thickness at so much each, the price depending 


upon the length of each board ; if more than nine inches 


broad, the rate is increased according to the additional ^H 


width ; each board listing al ^^ 


: so much per list. ^M 


The following is a classification of such articles in joinery ^M 


as are usually rated at so much each, ^| 


TruMes. 


Brackets to stiurs. 




Curtail step. 


Rule-jointB. 


Clapip-mitres. 


Cut brackets for shelveg. 


Mitres of pilasters according to 


Hrmsings in general. 


their size. 


Houain^E to steps. 


Mitres of cornices. 


Cuttings to standards. 


Headings to flutes and reeds. ; 


Elbow cappings. 


Hopper-beads and shoes to water- 


Returned aioulded nosings to steps. 


trunks. 


Caps to hand-rails. 


Joints to water- trunks. 


Scroll of hand-rnila. 


Preparing flooriug-boarda and bat- 


StaVing: and fixing joists of hand- 


tens. 


rails with joint-screwK, 


Fixing locks and fasteninga, per 


Fixing iron columns in curtails. 


article. 


Fixing iron baluster, and prepar- 


Hole in seat of water-closet. 


ing mould. 


Patteras. 


Preparing and fixing deal balusters. 




Articles at per foot 


running, or lineal. 


Sinking to shelres. 


Fillets mitred on panels. 


Moulded raisings of panels. 


Square or bctded angle-staff. re- 


All raised panels in the extremity 


bated. 


of the raising to be charged ex- 


Si^'l^Xice 


tra. 




Capping to wainscot. 


Single faced architrave. 


Level drcular- string-boards to 


PihiBlera under four inches wide. 


stairs. 


Boxings to windows. 


Hand-rails. 




Newels to stairs. 


Narrow linings. 


Moulded planiers in sturs. 


Legs, rails, and runners of dres- 


Sinking in rail for iron rail or ba- 




lusters. 


Border to hearth. 


Water-tmnks and spouts. 


Base-moulding. 


Skirting and door-grounds. 




Beads or fillets. 


Narrow skirting. 


jdrticles at per , 


foot superficial. 


Deals planed, ploughed, tougued, 

L 


Skirting. 


Sash-frames and i ashes. 
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SkytightB. 

Back, elbow, soffits. 

Shutters. 

Framecl or plaiu back-lininfa. 

Door-liniD^, jambs. 

Waiuacottin^. 

Dado. 

Partitions. 
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Steps and rises to stairti, incliidini 

cairiareg. 
Cradling. 

DuTible-faced architraves. 
Mouldings wrought by hand, I 

Shafts of colamD». 



I ine ornj 

i Thei 

I or perpi 



PLASTERING. 

The Plasterer is a workman to whom the decorative part 
of architecture owes a considerable portion of its efiect, and 
whose art is requisite in every kind of building. 

The tools of the plasterer consist of a spade or shovel a 
the usual description ; a rake, with two or three prong^V 
bent downwards from the line of the handle, for mixing tbaM 
hair and mortar together ; trowels of various kinds and T 
sizes; stopping and picking-out toolsj rules called afrai'g'W- 
edees; anA wooA models. 

The trowels used by plasterers are more neatly made th&i 
tools of the same name used by other artificers. The lay- 
tng and smoothing tool consists of a flat piece of hardened I 
iron, about ten inches in length, and two inches and a iialf J 
wide, very thin, and ground to a semicircular shape at one I 
end, but left square at the other ; and at the back of the plate^ I 
near the square end, is rivetted a small iron rod with two 1 
legs, one of which is fixed to the plate, and the other to ad 
round wooden handle. With this tool all the first coats off 
plaster is laid on, as are also the last, or, as it is technically ff 
termed, the setting. The other kinds of trowels are mad^ 1 
of three or four sizes, for gauging the fine stuff and plaster, 1 
used in forming cornices, mouldings, &c. The longest size ] 
of these is about seven inches on the plate, which is of po- j 
lished steel, about two inches and three quarters broad at J 
the heel, diverging gradually to a point. To the heel ai\ 
broad end a handle is adapted, . 1 

The stopping and picking-out tools are made of polishe^l 
steel, of different sizes, though most generally about serM'l 
or eight inches in length, and half an inch in breadth, flat^'l 
tened at both ends, and ground somewhat round. Tbeaal 
tools are uted in modelling and finishing mitres and re- 
turns to cornices ; as likewise in filling-up and perfecting 
the ornaments at the joinings. 

The itratght-cdges are for keeping the work in an even, 
or perpendicular line ; and the modeli or mouldi are for ran- 
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Ding pWn mouldings, cornices, &c.; of these latter the 
plasterer requires a great number as very little of his finish- 
ing can be done without them. 

Experienced workmen keep their tools veiy clean, and 
have them daily polished by the hawk-boys, 

Plasterers have technical divisions of their work, by whicL 
its quality is designated, and value ascertained ; as, lathing ; 
laying ; pricking-up ; lathing, laying, and set ; lathing, float- 
ing, and set; screed, set or putty; rendering and set, or 
rendering, floated, and set ; trowelled stucco, &c. ; each of 
which, hereafter, we shall very minutely explain. 

in all the operations of plastering, lime extensively 
abounds ; we shall, therefore, first offer some observations 
on the properties of this important article. 

All who have written on the subject of lime, as a cement, 
have endeavoured to ascertain what is the due proportion 
of sand for making the most perfect cement; out with a 
little attention it is evident, that nil prescribed rules must 
be BO very vague and uncertain, as to be of little utility to 
the workman, for, besides the variation which is occasioned 
by a more or leas degree of calcination, it is a certain fact, 
that some kinds of lime-stone are much more pure, and 
contain a much smaller proportion of sand than others ; 
consequently, it would be absurd to say, that pure lime 
requires as small a proportion of sand, when made into 
mortar, as that which originally contained in itself a large 
proportion, 

The variation thus produced, in regard to the proportion 
of sand, is found to be extremely great. It is, however, 
stated, that the best mortar which has come under exa- 
mination, was formed of eleven parts of sand to one of 
lime : to which was added, by measure, between twice and 
thrice its own bulk of sand, which may be allowed to have 
been at least three times its quantity by weight. Supposing, 
therefore, that every particle of the lime had been so per- 
fectly calcined as to be in a caustic state, there could not be 
less than forty-seven parts of sand to one of lime ; but it 
is hard to suppose, that above one hundredth part of this 
mass, independent of the water, consisted of pure caustic 
calcareous earth. 

From these considerations it is conceived, that it is im- 

fiossible to prescribe any detTuiinate proportion of sand to 
ime, as that must vary according to the nature of the lime, 
and other incidental circumstances, which would form an 
infinity of exceptions to any general rule. But it would 
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seem, that it might be safely inferred, that the moderns in 
general rather err in giving too little, than in giving too 
much sand. It deserves, however, to be noticed, that the 
sand, when naturally in the lime-stone, is more intimately 
blended with the lime, than can possibly be ever effected by 
any mechanical operation ; so that it would be in vain to 
hope to make equally good mortar artificially from pure 
lime, with ao small a proportion of caustic calcareous mat- 
ter, as may sometimes be effected when the lime naturally 
contains a very large proportion of sand. Still, however, 
there seems to be no doubt, that if a much larger propor- 
tion of sand than is common were employed, and that more 
carefully and expeditiously blended and worked, the mortar 
would be made much more perfect, as has been proved by 
actual experiments. 

Another circumstance, which greatly tends to vary the 
quality of cement, and to make a greater or smaller pro- 

Eortion of sand necessary, is, the mode of preparing the 
me before it is beaten up into mortar. When for plaster, 
it is of great importance to have every particle of the lime- 
stone slaked before worked-up, for, as smoothnes.'i of sur- 
face is the most material point, if any particles of lime be 
beaten-up before sufficiently slaked, the water still continu- 
ing to act on them, will cause them to expand, which will 
produce those excrescences on the surface of the plaster, 
termed blisters. Consequently, in order to obtain a perfect 
kind of plaster, it is absolutely necessary that the lime, 
before being worked, be allowed to remain a considerable 
time macerating or souring in water : the same sort of pro- 
cess, though not absolutely required, would considerably 
improve the lime intended for mortar. Great cai-e is re- 
quired in the management ; the principal thing being the 
Erocuring of well-burnt lime, and allowing no more lime, 
efore worked, than is just sufficient to macerate or sour it 
with the water : the best burnt lime will require the ma- 
ceration of some days. 

It has beto almost universally admitted, that the hardest 
lime-sCone affords the lime which will consolidate into th^ ' 
firmest cement ; hence, it is generally concluded, that lima-'V 
made of chalk produces a much weaker cement than that " 
made of marble, or lime-stone. It would seem, however, 
that, if ever this be the case, it is only incidentally, aud not 
necessarily. In the making of mortar, other substances are 
occasionally mixed with lime, which we shall here proceed 
to notice, and endeavour to point out tlieir excellencies a 
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defects. Those commonly used, besides sand of various 
denominations, are powdered sand-stone, brick-dust, and 
tea-shells : and for forming plaster, where closeness rather 
than hardness is required, lime which has been slaked and 
kept in a diy place till it baa become nearly effete, and 
powdered chalk, or whiting, and gypsum, in various pro- 
portions, besides hair and other materials of a similar nature. 
Other ingredients have been more lately recommended, such 
as earthy balls, slightly burnt and pounded, old mortar 
rubbish, powdered and sifted, and various tilings of the 
like kind, the whole of which are, in some respect or otherj 
objectionable. 

Plaster of Paris is employed by the plasterer to give tht 
requisite form and Gnish to all the superior parts of his work. 

It is made of a fossile stone, called gypsum, which is ex- 
cavated in several parts of the neighbourhood of Paris, 
whence it derives its name, and is calcined to a powder, tc 
deprive it of its water of cj-ystallization. The best is 
Montmartre. 

The stones are burnt in kilns, which arc generally of very 
simple construction, being not unfrequently built of the 
gypsum itself. The pieces to be calcined are loosely put 
together in a parallelopiped heap, below which are vaulted 
pipes or flues, for the application of a moderate heat. 

The calcination must not be carried to excess ; as other- 
wise the plaster will not form a solid mass when mixed with 
a certain portion of water. During the process of calcina- 
tion, the water of crj'stallizatiou rises as white vapour, 
which, if the atmosphere be dry, is quickly dissolved in air. 

The pounding of the calcined fragments is performed 
sometimes in mills constructed for the purpose, and some- 
times by men, whose health is much impaired by the par- 
ticles of dust settling upon their lungs. 

On the river Wolga, in Russia, where the burning of gyp- 
sum constitutes one of the chief occupations of the pea- 
santry, all kinds of gypsum are burnt promiscuously on 
grates made of wood ; afterwards the plaster is reduced to 
powder, passed through a sieve, and finally formed into 
small round cakes, which are sold at so much per thousand. 

These balls are reduced into an impalpable powder by 
the plasterer, and then mixed with mortar. The less the 
gypsum is mixed with other substances, the better it is 
qualified for the purpose of making casts, stucco, &c. The 
sparry gypsum, or selenite, which is the purer kind, is em- 
ployed for taking impressions from coins and medals, and 
2 a 
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for making those beautiful imitatjona of marble, granite, 
and porphyry, known by the Liame of scagliola, which is 
derived from the Italian word, scagli. 

Finely powdered alabaster, or plaster of Paris, when 
heated in a crucible, assumes the appearance of a Hiiid, by 
rolling in waves, yielding to the touch, steaming, &c. all of 
which properties it again loses on the departure of the 
heat : if taken from the crucible and thrown upon paper, it 
will not wet it ; but immediately be as motionless as it was 
before exposed to the heat. 

Two or three spoonfuls of burnt alabaster mixed up thin 
with water, will, at the bottom of a vessel filled with water, 
coagulate into a hard tump, notwithstanding the water 
that surrounds it. The coagulating or setting property 
of burnt alabaster will be very much impaired, or lost, 
if the powder be kept for any considerable time, and 
piore especially in the open air. When it has been once 
tempered with water, and, suffered to grow hard, it cannot 
be rendered of any further use. 

Plaster of Paris, diluted with water into the consistence of 
a soft or thin paste, quickly sets, or grows firm, -and at the 
instant of its setting, has its bu.k increased. This expansive 
property, in passing from a soft to a firm state, is one of its 
valuable properties j rendering it an excellent matter for 
filling cavities in sundry works, where other earthy mix- 
tures would shrink and leave vacuities, or entirely separate 
from the adjoining parts. It is also probable that this ex- 
pansion of the plaster might be made to confibute to the 
elegance of the impressions it receives from medals, &c. by 
properly confining it when soft, so that, at its expansion, it 
would be forced into the minutest traces of the figures. 

A plaster of a coarser description, made of a blueish 
Btone, much like that of which Dutch terras are made, 
is sometimes used in this country, for floors in gentlemen's 
houses, and for corn-granaries. This stone, when burnt 
after the manner of lime, assumes a white appearance, but 
does not ferment on being mixed with water ; when cold, it 
is reduced to a fine powder. About a bushel of this powder 
is put into a tub, and water is applied till it becomes liquid. 
In this state it is well stirred with a stick, and used im- 
mediately ; for iu less than a quarter of an hour it becomes 
hard and useless, as it will not allow of being mixed a 
second time. 

Other cements are used by plasterers for inside work. 
The first is called lime and hair, or coarse stuffs and is pre- 
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pared as common mortar, with the addition of bair firom 
the tan-yards. The mortar is first mixed with a requisite 
quantity of sand, and the hair is afterwards worked in by 
the application of a rake. 

Next to this ia Jine stuffy which is merely pure lime, 
slaked first with a small quantity of water, and afterwards, 
without any extraneous addition, supersaturated with water, 
and put into a tub in a half fluid state, where it is allowed to 
remain till the water is evaporated. In some particular cases, 
asmall portion of hair is incorporated. When this fine 
stuff is used for inside walla, it is mixed with very fine 
washed sand, in the proportion of one part sand to three 
parts of fine stuff, and is then called trowelled or bastard 
stucco, with which all walls intended to be painted are 
finished. 

The cement called gauge stuff", consists of three-fifths of 
fine stuff, and one-fifth plaster of Paris, mixed together with 
water, in small quantities at a time, to render it more ready 
to set. This composition is mostly used in forming cor- 
nices and mouldings run with a wooden mould. When 
great expedition is required, plasterers gauge all their mor- 
tars with plaster of Paris, which sets immediately. 

The technical divisions of plasterer's work shall now claim 
our attention. 

Lathing, the first operation, consists in nailing laths on the 
ceiling, or partition. If the laths be of oak, they will require 
wrought iron nails j but if of deal, nails made of cast iron 
may be used. Those mostly used in London are of fir, im- 
ported from America and the Baltic, in pieces called staves. 
Laths are made in three foot and four foot lengths : and 
with respect to their thickness and strength, are either sin- 
gle, lath and half, or double. The single arc the thinnest 
and cheapest ; those called lath and half, are supposed to be 
one third thicker than the single ; and the double laths are 
twice that thickness. In lathing ceilings, the plasterer 
should use both the lengths alluded to, and in nailing them 
up, should so dispose them, that the joints be as much 
broken as possible, that they may have the stronger key or 
tie, and thereby strengthen the plastering with which they 
are to be covered. The thinnest laths are used in partitions, 
and the strongest for ceilings. 

Laths are also distinguished into heart and sap laths : the 
former should always be used in plain tiling ; the latter, 
which are of inferior quality, are most frequently used by 
the plasterer. 

2r2 
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Laths should be as evenly split as possible. 
,re very crooked should not be used, or the crooked part i 
ahould be cut out ; and such as have a short concavity on 
the one side, and a convexity on the other, not very pro- 
minent, should be placed with the concave sides outwards. 

The following is the method of rending or splitting laths. 
The lath-cleavers having cut their timber into the required 
lengths, cleave each piece with wedges, into eight, twelve, 
or sixteen pieces, according to the scantling of the timber, 
called bolts; and then, with dowl-axes, in the direction of 
the felt -grain, termed /e/(i«e', into sizes for the breadth of 
the laths ; and, lastly, with the chit, clear them into thick- 
nesses by the quarter grain. 

Having nailed the laths in their appropriate order, the I 
plasterer's next business is to cover them with plasteii I 
the most simple and common operation of which, is iay~ I 
ing ; -that is, spreading a single coat of lime and hair over I 
the whole celling, or partition ; carefully observing to keep 1 
it smooth and even in every direction. This is the cheapeat k 
kind of plastering. ■ 

Pncking up is performed in the same manner as the fore- fl 
going ; but is only a preliminary to a more perfect kindfl 
of work. After the plaster is laid on, it is crossed all overv 
with the end of a lath, to give it a tie or key to the coat I 
which is afterwards to be lend upon it. I 

Lathing, laying, and set, or what is termed lath and plas^ m 
ier, one coat and set, is, when the work, after being .lathed^: J 
is covered with one coat of lime and hair, and afterwards, ■ 
when sufficiently dry, a thin and smooth coat spread over i^ ■ 
consisting of lime only, or, as the workmen call it, pu'tyf ■ 
or set. This coat ia spread with a smoothing -trowel, usect,! 
by the workman with his ri'ght hand, while his left hand'l 
moves a large flat bmsh of hog's bristles, dipped in water,' I 
backwards and forwards over it, and thus produces a sur- m 
face tolerably even for cheap work. I 

Lathing, Jloating, and set, or lath and plaster, one coat, I 
floated and set, differs from the foregoing, in having the first I 
coat pricked up to receive the set, which is here called the 1 
floating. In doing this, the plasterer is provided with ai I 
substantial straight edge, frequently from ten to twelve feefc I 
in length, which must be used by two workmen. All the. I 
parts to be floated are tried by a plumb-line, to ascertain 1 
whether they be perfectly flat and level, aud whenever any | 
deficiency appears, the hollow is filled up with a trowel full J 
or more of lime and hair only, which is teimeAJilling otitf j 
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and when th^se preliminaries are settled, tlie screeds are next 
formed. Theterm screerf signifies a styleof lime and hair,about 
seven or eight inches in width, gauged quite true, by draw- 
ing the straight edge over it until it be so. These screeds 
are noade at the distance of about three or four feet from 
each other, in a vertical direction, all round the partitions 
and walls of a room. When all are formed, the intervals 
are filled up with lime and hair, called by the workmen, 
stufi', till flush with the face of the screeds. The straight 
edge is then worked horizontally on the screeds, by which 
all the superfluous! stuff, projecting beyond them in the in- 
tervals is removed, and a plain surface produced. This 
operation is termed Jtoaling, and may be applied to ceilings 
as well as to partitions, or upright walls, by first forming 
the screeds in the direction of the breadth of the apartment, 
and filling up the inten-als as above described. As great 
care is requisite to render the plaster sound and even, none 
but skilfiil workmen should be employed. 

The set to floated-work is performed in a mode similar to 
that already prescribed for laying; but being employed 
only for best rooms, is done with more care. About one- 
sixth of plaster of Paris is added to it, to make it set more 
expeditiously, to give it a closer and more compact ap- 
pearance, and to render it more firm and better calculated 
to receive the white-wash or colour when dry. For floated 
stucco-work the pricking up coat cannot be too dry ; but, if 
the floating which is to receive the setting coat be too dry, 
before the set is laid on, there will be danger of its peeling 
ot!', or of assuming the appearance of little cracks, or shells, 
which would disfigure the work. Particular care and at- 
tention therefore must be paid to have the under coats in a 
proper state of dryness. It may here be observed, that 
cracks, and other unpleasant appearances in ceilings, are 
more frequently the effect of weak laths being covered with 
too much plaster, or too little plaster upon strong laths, 
rather than of any sagging or other Inadequacy in the tim- 
bers, or the building. If the laths be properly attended to, 
and the plaster laid on by a careful and judicious workman, 
no cracks or other blemishes are likely to appear. 

The next operation combines both the foregoing jiro- 
cesses, but requires no lathing ; it is called rendering and set, 
or rendering, Jioated, and set. What is understood by 
rendering, is the covering of a brick or stone wall with a 
coftt of lime and hair, and by set is denoted a superficial 
coat of fine stuff or putty upon the rendering. These ope 
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ratioQB are similar to those described for setting of c 
and partitions ; and the fioated and set b laid on the ren-^ 
dering in the same manner as on the partitions, &c. already 
explained, for the best kind of work. 

Trowelled stucco, which is a very neat kind of work, useo 
in dining-rooms, halls, &c. where the walls are prepared to 
be painted, must be worked upon a floated ground, and the 
floating be quite dry before the stucco is applied. In this 
process the plasterer is provided with a wooden tool, called 
afloat, consisting of a piece of half inch deal, about nine 
inches long and three wide, planed smooth, with its lower 
edges a little rounded off, and having a handle on the upper 
surface. The stucco is prepared as above described, and 
afterwards well beaten and tempered with clear water. 
The ground intended to be stuccoed is first prepared with 
the large trowel, and is made as smooth and level as pos- 
sible ; when the stucco has been spread upon it to the extent 
of four or five feet square, the workman, with a float in his 
right hand and a brnsh in his left, sprinkles with water, and 
rubs alternately the face of the stucco, till the whole is re- 
duced to a fine even surface. He then prepares another 
square of the ground, and proceeds as before, till the whole 
is completed. The water has the effect of hardening the 
face of the stucco. Wheu the floating is well performed, it 
will feel as smooth as glass. 

Rough casting, or rough walling, is an exterior finishing, 
much cheaper than stucco, and, therefore, more frequently 
employed on cottages, farm-houses, &c. than on buildings 
of a higher class. The wall intended to be rough-cast, is 
first pricked-up with a coat of lime and hair} and when 
this is tolerably dry, a second coat is laid on, of the same 
materials as the first, as smooth as it can possibly be spread. 
As fast as tfae workman finishes this surface, he is followed 
by another with a pail-full of rough-cast, with which he 
bespatters the new plastering, and the whole dries together 
The rough-cast is composed of fine gravel, washed from all 
earthy particles, and mixed with pure lime and water till 
the whole is of a semi-fluid consistency. This is thrown 
from the pail upon the wall with a wooden float, about five 
or six inches long, and as many wide, made of half-inch 
deal, and fitted with a round deal handle. While, with this 
tool, the plasterer throws on the rough-cast with his right 
hand, he holds in his left a common whitewashers' brush, 
dipped in the rough-cast also, with which he brushes and 
eolonrs the mortar and the rough-cast be has already spread^ 
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to give them, when fiuisbed, a regular uniform coluur and 
appearance. 

Cornices, are either plain or ornamented, and sometimes 
embrace a portion of both classes. The first point to be 
attended to is, to examine the drawings, and measure the 
projections of the principal members, which, if projecting 
more than seven or eight inches, must be bracketted. This 
consists in fixing up pieces of wood, at the distance of about 
ten or twelve inches from each other, all round the place 
proposed for the cornice, and naiiing latha to them, covering 
the whole with a coat of plaster. In the brackets, the stuff 
necessary to form the cornices must be allowed, which in 
general is about one inch and a quarter. A beech mould is 
next made by the carpenter, of the profile of the intended 
cornice, about a quarter of an inch in thickuess, with the 
quirks, or small sinkings, of brass or copper. All the sharp 
edges are carefully removed by the plasterer, who opens 
with his knife all the poiuts which he finds incompetent to 
receive the plaster freely, 

These preliminaries being adjusted, two workmen, pro- 
vided with a tub of putty and a quantity of plaster of Paris, 
proceed to run the cornice. Before using the mould, they 
gauge a screed of putty and plaster upon the wall and ceil- 
ing, covering so much of each as will correspond wilh the 
top and bottom of the intended cornice. On this screed 
one or two slight deal straight-edges, adapted to as many 
notches or chases made in the mould for it to work upon, 
are nailed. The putty is then mixed with about one-third 
of plaster of Paris, and brought to a semi-Huid state by the 
addition of clean water. One of the workmen, with two or 
three trowela-fuU of this composition upon hia haivk, which 
he holds in his left hand, begins to plaster over the surface 
intended for the cornice, with his trowel, while his partner 
applies the mould to ascertain when more or less is wanted. 
When a sufficient quantity of plaster is laid on, the workmen 
holds his mould firmly against both the ceiling and the wall, and 
moves it backwards and forwards, which removes the super- 
fluous stuff, and leaves an exact impression of the mould 
upon the plaster. This is not effected at once; for while he 
works the mould backwards and forwards, the other work- 
man takes notice of any deficiences, and fills them up by 
adding fresh supplies of plaster. In this manner a cornice 
from ten to twelve feet in length may be formed in a very 
short time ; indeed, expedition is essentially requisite, as the 
plaster of Paris occasions a very great tendency in the putty 
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to set, to prevent which, it is necessary to sprinkle the coid'^ 
position frequently with water, as plasterers, in order to 
secure til e truth and correctness of the cornice, generally 
endeavour to finish all the lengths, or pieces, between any 
two breaks ur projections, at one time. In cornices which 
have rery large proportions, and in cases where any of the 
orders of architecture are to be introduced, three or four 
tnoulds are required, and are similarly applied, till all the 
parts are formed. Internal and external mitres, and small 
returns, or breaks, are afterwards modelled and filled up by 
hand. 

Cornices to be enriched with ornaments, have certain in- 
dentntions, or sinkings, left in the mould in which the casts 
are laid. These ornaments were formerly made by hand ; 
but now are cast in plaster of Paris, from clay models. 
When the clay model is finished, and has, by exposure to 
the action of the atmosphere, acquired some degree of firm- 
ness, it is let into a wooden frame, and when it has been 
retouched and finished, the frame is filled with melted wax, 
which, when cold, is, by turning the frame upside dov/n, 
allowed to fall off, being an exact cameo, or counterpart, of 
the model. By these means, the most enriched and curi- 
ously wrought mouldings may be cast by the common plas- 
terer. These wax models are contrived to cast about a foot 
in length of the ornament at once ; such lengths being most 
easily got oot from the cameo. The casts are made of the 
finest and purest plaster of Paris, saturated with water ; and 
the wax mould is oiled previously to its being put in. When 
the casts, or intaglios, are first taken from the mould, they 
are not very firm j but being suffered to dry a little, either 
in the opei; air or an oven, they acquire sufficient hardness 
to allow of being scraped and cleaned. 

Basso-rehevos and friezes are executed in a similar man- 
lier, only the wax mould is so made, that the cast can have 
a back-ground at least half an inch thick of plaster-cast to 
the ornament or figure, in order to strengthen and secure 
the proportions, at the same time that it promotes the ge- 
neral effect. 

The process for capitals to columns is also the same, ex- 
cept that numerous moulds are required to complete them. 
In the Corinthian capital a shafcf or belt is first made, on 
which IS afterwards fixed the foliage and volutes; the whole 
of which require distinct cameos. 

In running cornices which arc to be enriched, the plas- 
:erer tabes care to have proper pmjections in the running- 
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mould, 80 as to make a groove in the cornice, for the recep- 
tion of the cast ornament, which is laid in and secured by 
spreading a small quantity of liquid plaster of Paris on its 
bEick. Detached ornaments intended for ceilings or other 
])arts, and where no running mould has been employed, arc 
cast in pieces corresponding with the design, and fixed upon 
the ceiling, &c. with white-lead, or with the composition 
known by the name of iron-cement. 

The manufacture of stucco has, for a long time past, at- 
tracted the attention of all connected with this branch of 
building, as well as chemists and other individuals ; but the 
only benefit resulting from such investigation is, a more ex- 
tensive knowledge of the materials used. It would seem, 
that the great moisture of our climate prevents its being 
brought to any high degree of perfection ; though, among 
the various compositions which have been tried and pro- 
posed, some, comparatively speaking, are excellent. 

Common stucco, used for external work, consists of clean 
washed Thames sand and ground Dorking lime, which are 
mixed dry, in the proportion of three of the latter to one of 
the former; when well incorporated together, these should 
be secured from the air in caskb till required for use. Walls 
to be covered with this composition, must first be prepared, 
by raking the mortar from the joints, and picking the bricks 
or stones, till the whole is indented ! the dust and other 
extraneous matter must then be brushed off, and the wall 
well saturated with clean water. The stucco is supersatu- 
rated with water, till it has the appearance and consistence 
of ordinai-y white-.wash, in which state it is rubbed over the 
wall with a flat brush of hogs' bristles. When this process, 
called roughing in, has been performed, and the work has 
become toieraBly dry and hard, which may be known by its 
beiog more white and transparent, the screeds are to be 
formed upon the wall with fresh stucco from the cask, tem- 
pered with water to a proper consistency, and spread on the 
upper-part of the wall, about eight or nine inches wide; 'as 
also against the two ends, beginning at the top and proceeding 
downwards to the bottom. In this operation, two workmen 
are required ; one to supply the stucco, the other to apply 
the plumb-rule and straight-edge. When these are truly 
formed, other screeds must be made in a vertical direction, 
about four or five feet apart, unless apertures in the wall 
prevent it, in which case, they must be formed as near toge- 
ther as possible. When the scrcediug is finished, compo is 
l)rcpared iu larger qaantitics. and both the workmen spread 
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it with their trowels over the wall in the space left between 
each pair of screeds. When this operation is complete, the 
itraight-edge is applied, and dragged from the top to the 
bottom of each pair, to remove whatever superfluous elucc-o 
may project above the screeds. If there be any hollow 
places, fresh stucco is applied, and the straight- edge is again 
drawn over the spot, till the compo is brought even to the 
face of the screeds, and the whole is level with theedge of the 
rule. Another interval is then filled up, and the workmen 
thus proceed till the whole of the wall is covered. The . 
wall is finished by floating, that is, hardening the surface^ | 
by sprinkling it with water, and rubbing it with the com- ' 
mon wood-float, which is performed similarly to trowelling 
stucco. 

Tbis description of compo is frequently used by plas- 
terers for cornice!! and mouldings, in the same manner as 
described in common plastering; but if the workman finds 
it necessary, he may add a small quantity of plaster of Paris, 
to make it fix the better while running or working the 
mould. Such addilion is not, however, calculated to give 
strength to the stucco, and is only made through the neces- 
sity of having a quick set. 

In the year 1796, Mr. Parkernbtained apatentfor acement 
that is impervious to water, and which may be successfully _ 
employed in ice houses, cisterns, tanks, &c. In his specir^ I 
fication Mr. Parker states, that " nodules of clay, or argil- * 
Jaceous stone, generally contain water in their centre, sur- 
lounded by calcareous crystals, having veins of calcareous 
matter. They are formed in clay, and are of a brown 
colour like the clay." These nodules he directs should, after 
being brokeu into small pieces and burnt in a kiln, with a heat 
that is nearly sufficient to vitrify them, be reduced to pow- 
der; when two measures of water added to five of this 
powder, will produce tarras. Lime and other matters may 
be added or withheld at pleasure; and the proportion of 
water may be varied. 

The term of the patent being now expired, many other 
manufactories of this cement have been established, which 
produce it of equal goodness, and some of them of rather 
better colour, which is of importance, since the fresco- 
painting or white-wash, laid on Mr. Parker's composition, is 
soon taken otf by the rain, and leaves the walls of a dingy 
and unpleasant appearance. 

The fresco- pain ting, or staining, is laid on the walls co- 
vered with this cement, to give them the appearance of 
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stone buildings ; and is performed by dilating aalpLuric acid, 
(oil of vitriol,) with water, and adding fluid-ocbres, &c. of 
the required tiut. 

When stucco is washed over with this mixture, the affinity 
existiog in the iron of the cemeDt ceases ; and the acid and 
colour suspended iu and upon the stucco are fixed. When 
dexterously managed, the surfnce assumes the appearance 
of an ashlar bond of masonry. 

Scagliola is a distinct branch of plastering, discovered or 
invented, and much used in Italy, and thence inlroduced 
into France, where it obtained its name : the late Mr. H. 
Holland, who introduced it into England engaged artists 
from Paris, some of whom, finding a demand for their labour, 
remained in this country, and instructed the natives in 
the art. 

Columns and pilasters are executed in this branch of 
plastering in the following manner; A wooden cradle, 
composed of thin strips of deal, or other wood, is made to 
represent the column designed ; but about two inches and a 
half less in diameter than the shaft is intended to be when 
finished. This cradle is lathed round, as for common plas- 
tering, and then covered with a pricking up coat of lime 
and hair. When this is quite dry, the artists in scagliola 
commence operations, by imitations of the most rare and 
precious marbles, with astonishing and delusive effect; in- 
deed, as the imitation takes as high a polish, and feels 
as cold and hard as the most compact and solid marble, 
nothing short of actual fracture can possibly discover the 
counterfeit. 

In preparing the scagliola, the workman selects, breaks, 
and calcines the purest gypsum, and as soon as the largest 
fragments, in the process of calcination, lose their brilliancy, 
withdraws the fire, and passes the calcined powder through 
a very fine sieve, and mixes it, as required for use, with a 
solution of glue, isinglass, &c. In this solution the colours 
required in the marble to be imitated are diffused ; but 
when the work is to be of various colours, each colour is 
prepared separately, and afterwaids mingled and combined, 
nearly in the same manner as a painter mixes on bis palette 
the pi-imidve colours to compose his different tints. 

When the powdered gypsum is prepared, it is laid on the, 
shaft of the intended column, over the pricked- up coat of 
lime and hair, and is then floated with moulds of wood, 
made to the requisite size : the artist uses the colours neces- 
sary for the imitation during the floating, by which means 
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they mingle and incorporate with the surface. To obt^Q 
the fflossy lustre, so much admired in works of marble, the 
vt'orkman rubs the work with one hand with a pumice-stone, 
while with the other he cleans it with a wet sponge; he 
next polishes it with tripoli, charcoal, and a piece of fine 
linen; afterwards with a piece of felt dipped in a mixture 
of oil and tripoli, and finally completes the work by the ap- 
plication of pure oil. This imitation is, certainly, the most 
complete that can be conceived j and when the bases and 
capitals are made of real marble, as is the common practice, 
the deception -is beyond discovery. If not exposed to the 
weather, il is, in point of durability, little inferior to real 
marBle, retains its lustre full as long, and is not one-eighth 
of the expense of the cheapest kind. 

There is another species of plastering, used in the deco- 
rative parts of architecture, and for the frames of pictures, 
looking-glasses, &c. which is a perfectly distinct branch of 
the art. This composition, which is very strong, and, when 
quite dry, of a brownish colour, consists of the proportion 
of two pounds of powdered whiting, one pound of glue in 
solution, and half a pound of linseed oil, mixed together, 
and heated in a copper, and stirred with a spatula, till the 
whole is incorporated. When cool, it is laid upon a stone, 
covered with powdered whiting, and beaten Hll it assumes a 
tough Bnd firm consistence; after which it is covered with 
wet cloths, to keep it fresh, till required for use. 

The ornaments to be cast in this composition, are mo- 
delled in clay, as in common plastering, and afterwards a 
cameo, or mould, is carved in box-wood. This carving 
requires to be done with the utmost care, otherwise the 
symmetry of the ornament which is to be cast from it will 
be spoiled. The composition, when required for use, is cut 
with a knife into pieces of the requisite size, and forced 
into the mould; after which it is put into a press, worked 
by an iron screw, and still further compressed. When 
the mould is taken from the press, the composition, which 
is generally cast about a foot in length, is dislodged from the 
mould, and the superfluous parts pared oif with a knife, and 
cast into the copper for the next supply. 

The ornaments thus formed, are glued upon wooden, or 
other grounds, or fixed by means of white lead, &c. ; after 
which they are painted or gilt, according to the purposes for 
which they are intended. This composition is at least 90 
per cent, cheaper than carving, and, in most cases, equally 
calculated to answer all the purposes of the art. 
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It is much to be wished, that the art of plnstering could 
be restored to its ancient perfection ; for the Romans pos- 
sessed an art of rendering works of this kind much more 
firm and durable than can be accomplished at the present 
time. 

The specimens of ancient Roman plastering still visible, 
which have not been injured by force, are foucid to be firm 
and solid, free from cracks or crevices, and as sniooth and 
polished on the surface as when first applied. The sides 
and bottoms of the Roman aqueducts were lined with this 
plasteriug, and endured many ages. 

At Venice, some of the roofs of houses, and the floors of 
rooms, are covered with a sort of plaster of later date, and 
yet strong enough to endure the san and weather for several 
ages, without either cracking or spoiling. 

The method of making the Venetian composition is not 
knowji in England ; but such might probably be madeby heat- 
ing the powder of gypsum over afire, and when boiling, which 
it will do withouttheaidof water, or other fluid, mixiilg it with 
resin, or pitch, or both together, with common sulphur, and 
the powder of sea-shells. If these be mixed together, water 
added to it, andthe composition kept on the firetillthe instant 
of its being used, it is not improbable that the secret maybe 
discovered. Oil of turpentine and wax, which are the com- 
mon ingredients in such cements as are accounted firmest, 
may also be tried as additions ; as also may strong ale wort, 
which la by some directed to be used instead of water, to 
make mortar of lime-stone of more than ordinary strength. 



SLATING 

This brancn of ouilding, which is principally employed In 
the covering of roofs, is not unfrequently combined with 
that of plastering. The slates chiefly used in London are 
brought from the quarries at Bangor, in Caernarvonshire, 
which supply all parts of the United Kingdom. Another 
kind of slate, of a pale blue-green colour, is used, and most 
esteemed, being brought from Kendal, in Westmoreland, 
called fFesfmoreland slates. These slates are not large ; 
but of good substance, and well calculated to give a neat 
appearance to a roof. The Scottish slate, which assimilates 
in size and quality to a slate from Wales, called ladies, is in 
little repute. 
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Slaters class the Welsh slater in the fullowing order : 
Ft. In. Ft. In. 

average size, I 1 





The doubles, are made from fragments of the larger kmds^ 
and derive their name from their diminutive size. Ladies 
are similarly obtained. Countesses are a gradation above 
ladies; auA duchesses ehove coaniesscs. ,-i 

Slate, like most other stony substances, is separated fron^ri 
its bed by the ignition of gunpowder. The blocks, thoaiV 
obtained, are, by the application of wedges, reduced iutol 
layers, called scantlings, from four to nine inches in tbickifr 
ness, and of any required length and breadth, which an" 
afterwards sawn to the respective sizes by machinery. Tbi 
blue, green, and purple, or darker kinds of elate, are, ii 
general, found capable of being split into very ihin lamina^] 
or sheets; but those of the white or brownish free-stoiu 
kind, can seldom be separated or divided so fine; couse*^ 
quently, these last form heavy, strong, thick coverings, proi 
per for buildings in exposed situations, such as barns, stables/ 1 
and other out-bouses. 

The instruments used in splitting and cleaning slates are, 
slate-knives, axes, bars, and wedges ; the three first being 
used to reduce the states into the required thicknesses, and 
the last to remove the inequalities from the surface. 

Imperial slating is particularly neat, and may be known 
by having its lower edge sawn; whereas all other slates 
used for covering are chipped square on their edges only. 

Patent slate was first brought into use by Mr. Wyatt, the 
architect; but a patent was never obtained. It derives its 
uame from the mode adopted to lay it on roofs ; it may be 
laid on a rafter of much less elevation than any other, and 
is considerably lighter, by reason of the laps being less than 
is necessary for the common sort of slating. This slating, 
was originally made from fFehh rags ; but is now verj 
frequently made from Imperials, which render it lighter, and 
also somewhat neater in appearance. 

fi^estmoreland slate,{vam the experiments made by the late 
Bishop of LandafT, appears to diifer little in its natural com- 
position from that obtained from Wales. It must, however 
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be remarked, that this kind of slate owes its lightness, uot 
so much to any diversity in the component parts of the 
stone, as tu the thinness to which it is reduced by the work- 
men; consequently, it is not so well calculated to resist 
violent winds as those which are heavier. 

Slates, when brought from the quarry, are not sufficiently 
square for the slater's use; he therefore picks up and exa- 
mines the slates separately, and observes which is the 
strongest and squarcst end ; then, seating himself, he holds 
the slate a little slanting upon, and projecting about an inch 
over, the edge of a small block of wood, which is of the 
same height as his seat, and cuts away and makes straight 
one of its edges; then, with a slip of wood, he gauges, and 
cuts off the other edge parallel to it, and squares the end. 
The slate is now considered prepared for use, with the 
exception of perforating through its opposite ends two smalt 
holes, for the reception of the nails which are to conQne it 
to the roof. Copper and zinc nails, or iron nails tinned, arc 
considered the best, being less susceptible of oxidation than 
uails made of bar iron. 

Before we proceed further with the operations necessary 
in the slating of building, we shall give some account of the 
tools used by this class of artificers. 

Slaters' tools are very few, which sometimes are found by 
the masters, and sometimes by the men. The tool called 
the saixe, is made of tempered iron, about sixteen inches in 
length, and two inches in width, somewhat bent at one end, 
with a handle of wood at the other. Tliis tool is not unlike 
a large knife, except that il has on its back a projecting piece 
of iron, about three inches in length, drawn to a sharp 
point. This tool is used to chip or cut all the slates to the 
required sizes. 

The ripper is also of iron, about the same length as the 
saixe ; it has a very thin blade, about an inch and three- 
quarters wide, tapered somewhat towards the top, where a 
roundhead projects over the blade about half an inch on 
each side : it has also two little round notches in the two 
internal angles at their intersections. The handle of this 
tool is raised above the blade by a shoulder, which enables 
the workman to hold it firm. This instrument is used in 
repairing old slating, and the application consists in thrust- 
ing the blade under the slates, so that the head, which pro- 
iects, may catch the nail in the little notch at its intcrsec- 
iiop. aud euable tht; workman to draw it out. Dnriug this 
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operation the slate is sufficiently loosened to tdlotc of i 
being removed, and another inserted io its place. 

The hammer, which is somewhat different in shape to the 
ordinary tool of that name, is about five inches in height 
on the hammer, or driving part, and the top is bent back, and 
ground to a tolerably sharp point, its lower or flat end, 
which is quite round, being about three-quarters of an inch 
in diameter. On this side of the driving part is a small 
projection, with a notch in the centre, which is used as a 
claw to extract such nails as do not drive satisfactorily. 

The shaving-tool is used for getting the slates to a smooth 
face for skirtings, floors of balconies, &c. It consists of an 
iron blade, sharpened at one of its ends like a chisel, and 
mortised through the centre of two round wooden handles, 
one fixed at one end, and thepther about the middle of the 
blade. The blade is about eleven inches long, and two inches 
wide, and the handle is about ten inches long, so that they 
project about four inches on each side of the blade. In using 
this tool, the workman places one hand on each side of the 
handle that is in the middle of the blade, and allows the 
other to press against both his wrists. In this manner he 
removes all the uneven parts from off the face of the slate, 
and gets it to a smooth surface. 

The other tools used by the slater consist of chisels, 
gouges, and files of all sizes ; by means of which he finishes 
the slates into mouldings and other required forms. 

In slating roofs, it is necessary to form a base or floor for 
the slates to lay compactly and safely upon ; for doubles and 
ladies, boarding is required, which must be laid very even, 
with the joints close, and properly secured by nails to the 
rafters. This being completed, the slater provides himself 
with several slips of wood, ctiWed tilting fillets, abcMt ten 
inches and a half wide, and three-quarters of an inch 
thick on one edge, and chamfered to an arris on the other, 
which he nails down all round the extreme edges of the 
roof, beginning with the hips, if any, and if not, with the 
sides, eaves, and ridge. He next selects the largest of the 
slates, and arranges them regularly along the caves with 
their lower edges to a line, and nails them to the boarding. 
This part of the work being completed, he takes other 
slates to form the bond to the under sides of the eaves, and 
places them under those previously laid, so as to cross and 
cover all their joints. Such slates are pushed up lightly 
under those which are above them, and aic seldom nailed, 
but left dependent for support on the weight of those above 



AND MACHINIST. 

ihem, anci their own weight on the boarding. The countestes 
and all other description of slates, when intended to be laid 
in a good manner, are also laid on boards. 

When the slater has finished the eaves, he strains a line 
on the face of the upper slates, parallel to its outer edge, 
and as far from it as he deems sufficient for the lap of those 
he intends shall form the next course, which is laid and 
□ailed even with the line, crossing the joints of the upper 
slates of the eaves. This lining and laying is continued 
close to the ridge of the roof, observing throughout to cross 
the different joints, by laying the slates one above another. 
The same system is uniformly followed in laying all the 
different sorts of slates, with the exception of those called 
patent slates, as are hereafter explained. 

The largest kinds of slate, are found to lay firm on iaf- 
tens, which are, consequently, much employed, and pro- 
duce a vciy considerable saving of expense in large build- 
ings. A batten is a narrow portion of deal, about two 
inches and a half, or three inches wide ; four of them being 
commonly procured from an eleven inch board. 

For countess slates, battens three-quarters of an inch 
thick, will be of adequate substance ; but for the larger and 
heavier kinds, inch battens will be necessary. In battening 
a roof for slates, the battens arc not placed at an uniform 
distance from each other, but so as to suit the length of the 
slates ; and as these vary as they approach the apex, or ridge 
of the roof, it follows that the slater himself is the best 
judge where to fix them, so as best to support the slates. 

A roof, to be covered with patent slates, requires that the 
common rafters be left loose upon their purlines, as they 
must be so arranged that a rafter shall lie under every one of 
the meeting-joints. Neither battening nor boarding is re- 
quired for these slates. The number of rafters will depend 
on the width of the slates ; hence if they be of a large si/e, 
very few will suffice. This kind of slating is likewise com- 
menced at the er.ves ; but no crossing or bonding is re- 
quired, as the slates are laid uniformly, with each end reach- 
ing to the centre of the rafter, and butted up to each other 
throughout the length of the roof. When the eaves-course 
is laid, the slates which compose it are screwed down to 
the rafters by two or three strong inch and half screws at 
each of their ends. A line is then strained about two 
inches below the upper edge, in order to guide the laying 
of the next course, which is laid with its lower edge touch 
ing the line. This lining, laying with a lap, and screwed 
2s 
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down, is continued till llie roof is completely covered, 
joints are then secured by filletting, which consists in covirm 
ing all the meeting-joints with fillets of slate, bedded in 
glazier's putty, and screwed down through the whole into 
the rafters. The fillets a^e^l8ually about three inches wide, 
and of a length proportionate to that of the slates, whose 
joints they have to cover. These fillets are solidly bedded 
in the putty, and their intersecting joints are lapped similar 
to those of the slates. The fillets being so laid, and secured 
by one in the middle of the fillet and one in each lap, are 
next neatly pointed all round their edges with more putty, 
and then painted over with the colour of the slate. The hips 
and ridges of such slating are frequently covered by filleta, 
which produces a very neat effect ; but lead, which is aot 
much dearer, is by far the best kind of covering for all btps^ 
and ridges. The patent slating may be laid so as to be per^ 
fectiy water-tight, with an elevation of the rafters consider- 
ably less than for any other slate or tile covering. The rise 
in each foot of length in the rafter is not required to be 
more than two inches, which, in a rafter of fifteen feet, will 
amount to only two feet six inches : a rise scarcely percep- 
tible from the ground. 

Slating is performed in several other ways, but the prin- 
ciples already explained, embrace the most of them. Some 
workmen shape and lay their slates in a lozenge form. This 
kind of work consists in getting all the slates to an uniform 
size, of the shape of a geometrical square. When laid on 
the roof, which must be boarded, they are bonded and lap- 
ped as in common slating, observing only to let the elbow, 
or half of the square, appear above each slate that is next 
beneath it, and be regular in the courses all over the roof- 
One nail or screw only can be used for such slating ; hence 
it soon becomes dilapitatcd. It is commonly employed in 
places- near to the eye, or where particular neatness is re- 
quired. 

It has been ascertained, that a slate one inch thick mil, 
in an horizontal position, support as much, in weight, as 
five inches of Portland stone similarly suspended. Hence 
elates are now wrought and used in galleries, and other pur- 
poses, where it is essential to have strength and lightnesa 
combined. 

Slates are also fashioned into chimney-pieces ; but are in- 
capable of receiving a polish like marble. It makes excel- 
lent skirtings of all descriptions, as well as casings to walls, 
where dilapidations, or great wear and tear are to be ex- 
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pected. For these purposes, it is capable of being fixed with 

joints, equally as neat a3 wood : and may, if required, be 
painted over so as to appear like it. Stair-cases may also 
be executed in slate, which will produce a resemblance of 
marble, 




MENSURATION OF PLAaTEREBS AND SLATERS WORK, 

Plasterers' work is executed by the yard square ; 
dimensions are taken in feet and inches, 

If a room consists of more than four quoins, the addi- 
tional corners must be allowed at per foot run. 

In measuring ceilings with ribs, the superficies must be 
taken for plain work ; then an. allowance must he made for 
each mitre, and the ribs must be valued at so much per foot 
run, according to the girth ; or by the foot superficial, al- 
lowing moulding work. 

In measuring common work the principal things to be 
observed are as follow: — first, to make deductions for 
chimneys, windows, and doors ; secondly, to make deduc- 
tions for rendering upon brick work, for doors and windows; 
thirdly, if the workman find materials for rendering between 
quarters, one-fifth must be added for quarters ; but if work- 
manship only is found, the whole must be measured as whole 
work, because the workman could have performed the 
whole much sooner if there had been no quarters ; fourthly, 
all mouldings in plaster work arc measured by the foot su- 
perficial, the same as joiners, by girting over the mouldings 
with a line. 

Slaters' work is measured and reduced into squares, con- 
taining 100 feet superficial. If in measuring the slating on 
a roof, it be hipped on all sides with a fiat at top, and the 
plan of the building bercctangular, add thelcngthand breadth 
of two adjoining sides of the eaves, and the length and 
breadth of two adjoining sides at the flat together, multiply " 
the sum by the breadth of the slope, and the product will 
give the area of the space that is covered. Add the number 
of square feet produced, by multiplying the girts of the roof 
by the length of the slates at the eaves ; to the area also, for 
the trouble of putting on the double row of slates, add the 
number of square feet produced by multiplying the length 
of the hips by one foot in breadth, and the sum will be the 
whole contents, and yield a compensation for the trouble 
and waste of materials. If there be no flats, add the two 
adjoining sides and twice the length of the ridge for the 
length ; multiply the sum by the breadth of the slips, for 
2s2 
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the area of the space covered, and add the allowances i 
before. 

Another plan is to allow in addition to the nett dimeii'l 
sions of the work, six inches for all the eaves, and foara 
inches for the hips. 

All faced work in slate skirting, stair-cases, galleries, &c. 1 
is charged by the foot superficial, without any addition. 



PLUMBING, 

Is the art of casting and working in lead, and using the ^ 
»ame in the covering and for other pui-poses in building. 

To the plumber is also confided the pump-work, as well 
as the making and forming of cisterns and reservoirs, lar^e 
or small closets, &c. for the purposes of domestic osconomy. 
Tlie plumber doesnot use a great variety of tools, because the j 
ductility of the metal upon which he operates does not re- J 
quire it. ' 

The tools used, consist of an iron hammer, rather heavier 
than a carpenter's, with a short thick handle ; two or three 
wooden mallets of different sizes ; and a dressing and flat- 
ting tool. 

This last is of beech, about eighteen inches long, and two 
inches square, planed saiooth and flat on the under surface, 
rounded on the upper, and one of its ends tapered off round 
as a handle. With this tool he stretches out and flattens 
the sheet-lead, or dresses it to the shape required, using 
first the flat side, then the round one, as occasion may re- 
quire. 

The plumber has also occasion for a jack and trying plane, 
similar to that of the carpenter. 

With this he reduces the edges of sheet-lead to a straight 
line, when the purposes to which it is to be applied re- 
quire it. 

Also a chalk line, wound upon a roller, for marking out 
the lead into such breadths as he may want. 

His cutting tools consist of a variety of chisels and gouges 
as well as knives. 

The latter of these are used for cutting the sheet lead into 
slips and pieces after it has been marked out by the chalk 
line. 

Files of different sizes ; ladles of three or four sizes, for 
melting the solder j and an iron instrument called grazing- 
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These grozing-ironB are of several sizes, generally about 
twelve inches in length, tapered at both ends, the handle 
end being turned quite round, to allow of its being firmly 
held while in use : the other end is a bulb of a spindle, or 
spherical shape, of a size proportioned to the soldering in- 
tended to be executed. They are, when required for use, 
heated to redness. 

The plumber's measuring rule is two feet in length, di - 
vided into three equal parts of eight inches each ; two of 
its legs are of box-wood, duodecimally divided; and the 
third consists of a piece of slow tempered steel, attached to 
one of the box legs by a pivot on which it turns, and falls, 
when not in use, into a groove cut in such leg for its recep- 
tion. This steel leg can be passed into places where the others 
cannot enter ; and it is also useful for occasionally removing 
the oxide or any other extraneous matters from the surface 
of the heated metal. 

Scales and weights are also necessary ; and he must be 
supplied with centre-bits of all sizes; and a stock to work 
them, for the purpose of malting perforations in lead or 
wood, through which he may want to insert pipes, &c. 
Compasses, to strike circular pieces, to line or cover figures 
of that shape, are occasionally required. 

Lead is obtained from ore, and, from its being generally 
combined with sulphur, it has been denominated " mlpbu- 
ret." After the ore has been taken from its bed it is smelted, 
first being picked, in order to separate the unctuous and rich, 
or genuine ore from the stony matrix, and other impurities ; 
the picked ore is then pounded under stampers worked by 
machineiy, and afterwards washed to carry off the remainder 
of the matrix, which could not be separated in picking. It is 
next put into a reverberatory furnace, to be roos/erf ; during 
which operation, it is repeatedly stin-ed, to facilitate the 
evaporation of the sulphur. When the surface begins to 
assume the appearance of a paste, it is covered with char- 
coal, and well shaken together: the fire is then increased, 
and the purified lead flows down on alt sides into the basin 
of the furnace, whence it runs off into moulds prepared for 
its reception. The moulds are capable of receiving 1541bs. 
of lead each, and their contents, when cool, are, in the com- 
mercial world, called pig's. 

Lead is of a bluish-white colour, and when newly melt- 
ed, or cut, is quite bright ; but it soon becomes tarnished 
on exposure to the atmosphere ; assuming first a dirty grey 
colour, and afterwards t^comes white. It is capable of 
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being hammered into very thin plates, ant) may be drawn 
into wire ; but its tenacity is very inferior to tliat of other 
metals ; for a leaden wire, the hundred and twentieth part 
of an inch in diameter, is only capable of supporting about 
181b. without breaking. Lead, next to tin, is the most fu- 
sible of all metals ; and if a stronger heat be applied, 
it boils and evaporates. If cooled slowly, it crystallizes. 
The change of its external colour is owing to its gradual 
combination with oxygen, which converts its exterior sur- 
face into an oxyd. This outward crust, however, preseiTea 
the rest of the metal for a long time, as the wr can pene- 
trate but very slowly. 

. Lead is not acted upon immediately by water, though that 
element greatly facilitates the action of the air upon it : for 
it is known that, when lead is exposed to the atmosphere, 
and kept constantly wet, the process of oxidation takes 
place much more rapidly than it docs under other circura • 
stances : hence the white crust that is to be obseiTcd on 
the sides of leaden vessels containing water, just at the 
place where the surface of the water terminates, 

Lead is purchased by plumbers, in pigs, and they reduce 
it into sheets or pipes, as they have occasion. Of sheet-lead 
they have two kinds, cast and milled. The former is used 
for covering flat roofs of buildings, laj-ing of terraces, form- 
ing gutters, lining reservoirs, &c. ; and the latter, which is 
very thin, for covering the hips and ridges of roofs. This 
last they do not manufacture themselves, but purchase it 
of the lead merchants, ready prepared. 

For the casting of sheet lead, a copper is provided, and well 
fixed in masonry, at the upper end of the workshop, near 
the mould or casting table, which consists of strong deal 
boards, well jointed together, and bound with bars of iron 
at the ends. The sides of this table, of which the shape is 
a parallelogram, vary in size from four to six feet in width, 
and from 16 to 18 feet and upwards in length, and are guarded 
by a frame or edging of wood, 3 inches thick, and 4 or 5 
inches higher than the interior surface, called the shafts, 
This table is fixed upon firm legs, strongly framed together, 
about 6 or 7 inches lower than the top of the copper. At 
the upper end of the mould, nearest the copper, is a box, 
called the pan, which is adapted in its length to the breadth 
of the table, having at its bottom a long horizontal slit, 
from which the heated metal is to issue, when it has been 
poured in from the copper. This box moves upon rollers 
along the surface of the rim of the table, and is put in mo> 
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tiou by means of ropes and pulleys, fixed to beamB above. 
While the metal is melting, the surface of the mould, or 
table, is prepared by covering it with a stratum of dry and 
clean sand, regularly smoothed over with a kind of rake, 
ceiled a strike, which consists of a board about 5 inches 
broad, and rather longer than the inside of the mould, so 
that its ends, which are notched about two inches deep, may 
ride upon the shafts. This being passed down the whole 
length of the table, reduces the sand to an uniform sur- 
face. The pan is now brought to the head of the table, close 
to the copper, its sides having previously been guarded by a 
coat of moistened sand, to prevent its firing from the heat of 
the metal, which is now put in by ladles from the copper. 

These pans, or boxes, it must be observed, are made to 
contain the quantity of melted lead which is required to cast 
a whole sheet at one time ; and the slit in the bottom is so 
adjusted as to let out, during its progress along the table, 
just as much as will completely cover it of the thickness and 
weight per foot required. Every thing being thus prepared, 
the slit is opened, and the box moved along the table, dis- 
pensing its contents from the top to the bottom, and leaving 
in its progress a sheet of lead of the desired thickness. 
When cool, the sheet is rolled up and removed from the 
table, and other sheets are cast, till all the metal in the cop- 
per is exhausted. The sheets thus formed are then rolled 
up and kept for use. 

In Borac places, instead of having a square box upon 
wheels, with a slit in the bottom, the pan consists of a kind 
of trough, being composed of two planks nailed together st 
right angles, with two triangular pieces fitted in between 
them, at their ends. The length of this pan, as well as that 
of the box, is equal to the whole breadth of the mould. It 
is placed with its bottom on a bench at the head of the table 
leaning with one side against it : to the opposite side is fixed 
a handle, by which it may be lifted up in order to pour out 
the hquid metal. On the side of the pan next the mould 
are two iron hooks, to hold it to the table, and prevent it 
from slipping while the metal is being poured into the 
mould. 

The mould, as well as the pan, is spread over, about two 
inches thick, with sand, sifted and moistened, and rendered 
perfectly level by moving over it the strike, and smoothing it 
doiwn with a plane of polished brass, about a quarter of an 
inch thick, and nine inches square, turned up on the edges. 

Before they pi-oceed to casting the lead, the strike is made 
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ready by tacking two pieces of old liat on the notches, or 
by covering the notches with leather cases, so as to raise the 
under side of the strike, about an eighth of an inch, or 
more, above the sand, according to the proposed thickness 
of the sheet. The face or under side of the strike is then 
smeared with tallow, and laid across the breadth of the 
mould, with its ends resting on the shafts. The melted lead 
is then put into the pan with ladles ; and, when a sufficient 
quantity has been put in, the scum is swept off with a piece 
of board, and suffered to settle on the coat of sand, to 
prevent its falling into the mould, when the metal is poured 
out. It generally happens, that the lead, when first taken 
from the copper, is too hot for casting ; it is therefore suf- 
fered to cool in the pan, till it begins to stand with a shell 
or wall on the sand with which the pan is lined. Two mea \ 
then take the pan by the handle, or one of them takes it by i 
means of a bar and chain fixed to a beam in the ceiling, and 
turn it down, so that the metal runs into the mould : while \ 
another man stands ready with the strike, and, as soon i 
all the metal is poured in sweeps it forward and draws the ' 
residue into a trough at the bottom, which has been prepa- | 
red to receive it. The sheet is then rolled up, as before. 

In this mode of operation, the table inclines in 
length about an inch, or an inch and a half, in the length of 
sixteen or seventeen feet, or more, according to the required ' 
thickness of the sheets ; the thinner the sheet the greater 
the declivity ; and vice versa. The lower end of the mould , 
IS also left open, to admit of the superfluous metal being ' 
thrown off. - . ' 

When a cistern is to be cast, the size of the four sides ia ' 
measured out; and the dimensions of the front having been 
taken, slips of wood, on which the mouldings are carved, are 
pressed upon the sand. Figures of birds, beasts, &c. are 
likewise stamped in the internal area, by means of leaden 
moulds. If any part of the sand has been disturbed in 
doing this, it is made smooth, and the process of casting 
goes on as for plain sheets ; except that, instead of rolling 
up the lead when cast,It is bent into four sides, so that the 
two ends, when they are soldered together, may be joined 
at the back; the bottom is afterwards soldered up. 

The lead which lines the Chinese tea-boxes is reduced 
to a thinness which our plumbers cannot, it is said, ap- 
proach. The following account of the process was commu- 
nicated by an intelligent East-Indian, in a letter which ap- 
peared in the Gentleman's IMagazine. " The canter sits by 
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a pot, containing the melted metal, and has two large stones, 
the lower one fixed and the upper one movable, having 
their surfaces of contact ground to each other, directly be- 
fore him. He raises the upper stone by pressing his foot 
upon its side, and with an iron ladle pours into the opening 
a suflncient quantity of the fluid metal. He then lets fall 
the upper stone, and thus forms the lead into an extremely 
thin and irregular plate, which is afterwards cut into its re- 
quired form." 

Cast sheet lead, used for architectural purposes, is techni- 
cally divided into 5ib. 5|lb. 61b. Gjlb. 71b. 741b. 81b. and 
S^lb. ; by which is understood, that every superficial foot 
is to contain those respective weights, according to the price 
agreed upon. 

The milled lead used by plumbers is very thin, seldom 
containing more than 51b. to the foot. It is by no means 
adapted to gutters or terraces, nor, indeed, to any part of a 
building that is much exposed either to great wear or to the 
effects of the sun's rays : in the former case, it soon wears 
away ; in the latter, it expands and cracks. It is laminated 
in sheets of about the same size as those of cast lead, by 
means of a roller, or flatting- mill. 

Lead-pipes, besides the various ways of manufacture de- 
scribed in page 362, are sometimes made of sheet lead, by 
beating it on round wooden cylinders of the length and 
dimensions required, and then soldering up the edges. 

Solder is used to secure the joints of work in lead, 
which by other means would be impossible. It should be 
easier of fusion than the metal intended to be soldered, and 
should be as nearly as possible of the same colour. The 
plumber therefore uses, what is technically called, soft sol- 
der, which is a compound of equal parts of tin and lead, 
melted together and run in to moulds. In this stale it is 
sold by the manufacturer by the pound. 

In the operation of soldering, the surfaces or edges in- 
tended to be united are scraped very clean, and brought 
close up to each other, in which state they are held by an 
assistant, while the plumber applies a little resin on the 
joints, in order to prevent the oxidation of the metal. The 
heated solder is then brought in a ladle and poured on the 
joint J after which it is smoothed and finished by rubbing it 
about with a red-hot soldering iron, and when completed is 
made sn.ooth by filing. 

In the covering of roofs or terraces with lead, (the sheets 
never exceeding six feet in breadth,) it becomes necessary iii 
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lai^e surfaces, to have joints ; which are managed Beveral 
wayS) but in all, the chief object is to have them water- 
tight. The best plan of effecting this, is to form laps or 
roll joints, which is done by having a roll, or strip of wood, 
about two inches square, but rounded on its upper side. 
Hailed under the joints of the sheets, where the edges lap 
over each other ; one of these edges is to be dressed up 
OYer the roll on the inside, and the other is to be dressed 
over them both on the outside, by which means the water 
is prevented from penetrating. No other fastening is requi- 
site than what is required from the hammering of the sheets 
together down upon the flat ; nor should any other be re- 
'aorted to, when sheet lead is exposed to the vicissitudes of 
the weather; because it expands and shrinks, which, if pre- 
vented by too much fastening, would cause it to crack and 
become useless. It sometimes, however, occurs, that rolls 
cannot be used, and then the method of joining by seams is 
resorted to. This consists in simply bending the approxi- 
mate edges of the lead up and over each other, and then 
dressing them down close to the flat, throughout theif 
length. But this is not, equal to the roll, either for neatness 
or security. 

Lead flats and gutters should always be laid with a cur- 
rent, to keep them dry. About a quarter of an inch to the 
foot run is a sufficient inclination. 

In laying gutters, &o. pieces of milled-lead, called ^^osA- 
ingSf about eight or nine inches wide, are flxed in the walls 
all round the edges of the sheet-lead, with which the flat is 
covered, and are suffered to haug down over them, so as to 
prevent the passage of rain through the interstice between 
the raised edge and the wall. If the walls have been pre- 
TJously built, the mortar is raked out of the joint of the 
bricks next above the edge of the sheet, and the flush- 
ings are not only inserted into the crack at the upper sides, 
but their lower edges are likewise dressed over those of 
the lead in the flat, or gutter. When neither of these 
modes can be resorted to, the flushings are fastened by 
wall-hooks, and their lower edges dressed down as before, 

Drips in flats, or gutters, are formed by raising one part 
above another, and dressing the lead, as already described, 
for covering the rolls. They are resorted to when the gutter 
or flat, exceeds the length of the sheet ; or sometimes for 
convenience. They arc also an useful expedient to avoid sol- 
dering the joints. 

Sheet lead is also used in the lining of reservoirs, which 
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are made either of wood or masonry. As these conveni- 
ences are seldom in places subject to material change of 
temperature, recourse may be had to the soldering, without 
fear of its damaging the work, by promoting a disposition 
to crack. 

The pumps which come under the province of the plum- 
ber, are confined generally to two or three kinds, used for 
domestic purposes, of which the suction and lifting pumps 
are the chief: these, as well as water-closets, are manufac- 
tured by a particular set of workmen, and sold to the 
plumber, who furnishes the lead pipes,and fixes them in their 
places. 

Plumber's work is generally estimated by the pound, or 
hundred weight; but the weight may be discovered by 
measurement, in the following manner : sheet-lead used in 
roofing and guttering is commonly between seven and 
twelve pounds to the square foot ; but the following table 
exhibits the particular weight of a square foot for each of 
the several thicknesses. 
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In this table the thickness is set down in tenths and hun- 
dredths, &c. of an inch ; and the annexed corresponding 
numbers are the weights in avoirdupois pounds, and thou- 
sandth parts of a pound ; so that the weight of a square 
foot of 1-IOth of an inch thick, 10-lOOths, is 5 lbs. and 899 
thousandth parts of a pound ; and the weight of a square 
foot l-9lh of an inch in thickness, is 6 pounds and 554 
thousandths of a pound. Leaden pipe of an inch bore, is 
commonly 13 or 14 lbs. to the yard in length. 



GLAZING. 

The business of this class of artificers consists in putting 
glass into saehes and casements. Glazier's work may be 
classed under three distinct heads, sash- work, lead-work, 
and fret-work. 
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The tools requisite for the performance of the first of theaftV 
departments are, a diamond, a ranging lath, a short lath, & * 
square, a rule, a glazmg-knife, a cutting- chisel, a heading- 
hammer, a duster, ano sash-tool ; and in addition, for stop- 
ping in squares, a hacking-knife and hammer. 

The diamond is a speck of that precious stone, polished 
to a cutting point, and set in brass on an iron socket, to re- 
ceive a wooden handle, which is so set as to be held in the 
hand in the cutting direction. The top of the handle goes . 
between the root of the fore-finger and the middle fingerjn 
and the hinder part, between the point of the fore-fing^J 
and thumb ; there is, in general, a notch in the side of th(^j 
socket, which should be held next to the lath. Some dia*! 
monds have more cuts than one. Plough diamonds have a I 
square nut on the end of the socket, next the glass, which,-,! 
on running the nut square on the side of the lath, keeps ibJ 
in the cutting direction. 

Glass binders have these plough diamonds vrithout lon(_^ 
handles, as, in cutting their curious productions, they caa-<'1 
not apply a lath, but direct them by the point of their mid-T 
die finger, gliding along the edge of the glass. 1 

The ranging lath must be long enough to extend rather I 
beyond the boundary of the table of glass. 1 

Ranging of glass is the cutting it in breadths as the work j 
may require, and is best done by one uninterrupted cut from] 
one end to the other. 

The square is used in cutting the squares from the range, 
that they may with greater certainty be cut at right angles. 
The glazing knife is used for laying in the putty in the re- 
bates of the sash, for binding in the glass, and for finishing . 
the front putty. . 

Of the glass used in building, three qualities are in com- i 
mon use, denominated best^ second, and thiTd. 

The best is that which is the purest metal and free of 
blemishes, as blisters, specks, streaks, &c. ; the second is 
inferior, from its not being so free from these blemishes j and 
the third arc still inferior, both in regard to quality and 
colour, being of greener hue. 

They are all sold at the same price per crate ; but the 
number of tables varies according to the quality. Best 
twelve, second fifteen, and third eighteen tables. 

These tables are circular when manufactured, and about 
four feet in diameter, having in the centre a knot, to which, 
ifi the course of the process, the flashing rod was fixed ; but 
for the safety of carnage, and convenience of handling, as 



well as utility in practice, a segment ia cut ofiF about four 
inches from the knot. The large piece with the knot, stil 
retains the name of table; the smaller piece is technically 
called a slab. From these tables being of a given size, it is 
reasonable to suppose that, when the dimensions of squares 
are such as cut the glass to waste, the price should be ad- 
vanced. 

A superior kind of glass may be obtained aCsome of the 
first houses in London, which is very flat, and of large di- 
mensions ; some of it being 2 feet 8 inches by 2 feet 1 
inch ; these are sold only in squares. 

Rough glass is well adapted to baths, and other places of 
privacy ; one aide is ground with emery or saod, so that no 
objects can be seen through it, though the light be still 
transmitted. 

The glass, called German-sheet, is of a superior kind, as 
it can be had of much larger dimensions than common glass ; 
it is also of a purer substance, and for these reasons, is fre- 
quently appropriated to picture frames. Squares may be 
had at the astonishing size of 3 feet 8 inches, by 3 feet I inch, 
and 3 feet 10 inches by 2 feet 8 inches, and under. 

The glass is first blown in the form of a globe, and after- 
wards flatted in a furnace, in consequence of which it has a 
very forbidding appearance from the outside, the surface 
being uneven. 

Plate-glass is the most superior in quality, substance, 
and flatness, being cast in plates, and polished. The 
quantity of metal it contains, must be almost, if not al - 
together, colourless ; that sort which is tinged being of an 
inferior quality. Plate-glass when used in sashes, is pe- 
culiarly magnificent ; and it can be had of larger dimen- 
sions than any other kind of glass. 

Stained-glass is of different colours, as red, orange, yel- 
low, green, blue, and purple. 

These colours ai-e fixed by burning, and are as durable as 
the glass. 

Glass can be bent to circular sweeps, which is much used 
in London for shop windows, and is carried to great per- 
fection in Clivers, for small pieces of statuary, &c. 

The application of stained glass to the purposes of glazing 
is called fret-work. This description of work consists of 
working ground and stained glass, in fine lead, into different 
patterns. In many cases family arms and other devices are 
worked in it. It is a branch capable of great improvement ; 
but at present is much neglected. Old pieces are very much 
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esteemed, though the same cxpeose would furnish < 
Diodern productions. They are placed in halls and srair- ' 
case windows, or in some particular church windows. In 
many instances they are introduced where there is an un- 
pleasant aspect, in a place of particular or genteel resort- 
Lead- work is used in inferior offices, and is in general 
practice all through the conntry. Frames intended to re- 
ceive these lights are made with bars across, to which the 
lights are fastened by leaden bars, called saddle bars ; and 
where openings are wanted, a casement is introduced either 
of wood or iron. Sometimes a sliding frame answers the 
same purposes. Church windows are generally made i 
this manner, in quarries or in squares. 

The tools with which this work is performed a 
dition to the foregoing, as follow : — _ 

A vice, with different cheeks and cutters, to turn oat the 
different kinds of lead as the magnitude of the window or 
the squares may require. 

The German vices, which are esteemed the best, are 
furnished with moulds, and turn out lead in a variety of 
sizes. The bars of lead cast in these vices are received by 
the mill, which turns them out with two sides parallel to 
each other, and about i of an inch broad, with a partition 
connecting the two sides together, about j of an inch wide, 
forming on each side a groove, nearly s't by f of an inch, 
and about 6 feet long. 

Besides a viceand moulds there e.re a setting-board, latttr- 
kin, setting' knife, resin-hox tin, glazing-irons, and clips. 

The setting-board is that in which the ridge of the light 
is marked and divided into squares, struck out with a chalk 
line, or drawn with a lath, which serves to guide the work- 
men. One side and end is squared with a projecting bead 
or aiiet. 

The latterkin is a piece of hard wood pointed, to run in 
the groove of the lead, and widen it for the easier reception 
of the glass. " ' 

The setting-knife consists of a blade with a round point, 
loaded with lead at the bottom and terminating in a long 
square handle. The square end of the handle serves to 
force the square of glass tight in the lead. All the inter- 
sections are soldered on both sides, except the outside 
joints of the outer sides, that is, where they come to the 
outer edge. These lights should be cemented by pouring 
thin paint along the lead bars, and filling up the chasms with 
dry whiting, to which, after the oil in the paint has se- 



ereted a little, a little more dry whiting, or white lead, 
must be added. This will dry hard, aud resist the action 
of the atmosphere. 




OF GLAZIERS WOKK. 

Glaziers' work is measured by superficial feet, and the di- 
mensions are taken in feet, tenths, &c. For this purpose, 
their rules are generally divided into decimal parts, and 
their dimensions squared according to decimals. Circular, 
or oval windows are measured as if they were rectangular ; 
because in cutting squares of glass there is a very great 
waste, and more time is expended than if the window had 
been of a rectangular form. 



PAINTING, 

As applied to purposes of building, is the application of 
artificial colours, compounded either with oil or water, iu 
embellishing and preserving wood, &c. 

This branch of painting is termed economical, and applies 
more immediately to the power which oil and varnishes pos- 
sess, of preventing the action of the atmosphere upon 
wood, iron, and stucco, by interposing an artificial surface ; 
but it is here intended to use the term more generally, in 
allusion to the decorative part, and as it is employed by 
the architect, throughout every part of his work, both ex- 
ternally and internally. 

In every branch of pdnting in oil, the general processes 
are very similar, or with such variations only, as readily oc- 
cur to the workman. 

The 6rst coatings, or layers, if on wood or iron, ought al- 
ways to be of ceruse or white lead, of the best quality, pre- 
viously ground very fine in nut or linseed oil, cither over a 
stone with a muller, or, as that mode is tix) tedious for 
large quantities, passed through a mill. If used on shut- 
ters, doors, or wainscottings, made of fir or deal, it is very 
requisite to destroy the effects of the knots ; which are ge- 
nerally so completely saturated with turpentine, as to 
render it, perhaps, one of the most difficult processes in 
this business. The best mode, in common cases, is, to pass 
a brush over the knots, with ceruse ground in water, bound 
by a size made of parchment or glue ; when that is dry, 
paint the knots with white lead ground in oil, to which add 
•omc powerful siccative, or diyer, as red lead, or litharge of 
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lead ; Bbout oue-fourth part of the latter. These must be 
laid very smoothly in the direction of the grain of the wood. 

When the last coat is dry, smooth it with pumice-stone, 
or give it the first coat of paint, prepared or diluted with 
nut or linseed oil ; after which, when sufficiently dry, all 
the nail- holes or other irregularities on the surface, must be 
carefully stopped with a composition of oil and Spanish 
white, commonly known by the name of putty. The work 
must then be again painted with white lead and oil, some- 
what diluted with the essence of oil of turpentine, which pro- 
cess should, if the work be intended to be left of a plain 
white, or stone colour, he repeated not less than three or 
four times; and if of the latter colour,a small quantity of ivory 
or lamp-black should be added. But if the work is to be 
finished of any other colour, either grey, green, &c. it 
ivill be requisite to provide for such colour, after the third 
operation, particularly if it is to be finished flat, or, as the 
painters style it, dead white, grey, fawn, &c. In order to 
finish the work flatted or dead, which is a mode much to be 
preferred for all superior works, not only for its appear- 
ance, but also for preserving the colour and purity of the 
tint, one coat of the flatted colour, or colour mixed up 
with a considerable quantity of turpentine, will be found 
suflScient; although in large surfaces it will fjequently be 
requisite to give two coats of the flatting colour, to make it 
quite complete. Indeed, on stucco it will be almost a ge- 
neral rule. 

In all the foregoing operations, it must be observed that, 
some sort of dryer is absolutely requisite ; a very general 
and useful one is made by grinding in linseed, or, perhaps, 
prepared oils boiled are better, about two parts of the best 
white copperas, which must be well dried with one part of 
litharge of lead : the quantity to be added, will much de- 
pend on the dryness or humidity of the atmosphere, at the 
time of painting, as well as the local situation of the build- 
ing. It may here be noticed, that there is a sort of cop- 
peras made in England, and said to be used for some pur- 
poses in medicine, that not only does not assist the opera- 
tion of di7ing in the colours, but absolutely prevents those 
colours drying, which would otherwise have done so in 
the absence of this copperas. 

The best dryer for ail fine whites, and other delicate tints, 

sugar of lead, ground in nut oil, but being very active, a. 
small quantity, about the size of a walnut, will be sufficient 
for twenty pounds of colour, when the basis is white lead. 
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It will be always necessary to caution painters to keep their 
utensils, brushes, &c. very clean, as the colour would ofher- 
H'ise soon become very foul, so as to destroy the surface of 
tlie work. If this should happen, the colour must be pass- 
ed through a fine sieve, or cauvass, and the surface of the 
work be carefully rubbed down with sand-paper, or pumice- 
stone : the latter should be ground in water, if the paint be 
tender, or recently laid on. The above may suffice as to 
painting on wood, either on inside or outside work, the 
former being seldom fmiahed otherwise than in oil : four or 
five coats are generally sufficient- 
It does not appear that painting in oil can be serviceable 
in stucco, unless the walls have been erected a suSicicnt 
time to permit the mass of brick-work to have acquired a 
sufficient degree of dryness. When stucco is on battened 
work, it may be painted over much sooner than when pre- 
pared on brick. Indeed, the greatest part of the art of 
painting stucco, so as to stand or wear well, consists in at- 
tending to these observations, for whoever has observed the 
expansive power of water, not only in congelation, but also 
in evaporation, must be well aware that when it meets with 
any foreign body, obstniccing its escape, as oil painting, for 
instance, it immediately resists it, forming a number of 
vesicles or particles, containing an acrid lime-watefj which 
forces off the layers of plaster, and frequently causes large 
defective patches, not easily to be eradicated. 

Perhaps, in general cases, where persons are building on 
their own estates, or for themselves, two or three years are 
HOC too long to suffer the stucco to remain nnpainted, 
though frequently, in speculative works, as many weeks are 
scarcely allowed to pass. 

The foregoing precautions being attended to, there can be 
no better mode adopted for priming, or laying on the first 
coat on stucco, than by linseed or nut-oil, boiled with dry- 
ers, as before mentioned ; taking care, in all cases, not to 
lay on too much, so as to render the surface rough and irre- 
gular, and not more than the stucco will absorb. It should 
then be covered with three or foui- coats of white- lead, pre- 
pared as described for painting on wainscotting, allow- 
ing each coat a sufficient time to diy hard. If time will 
permit, two or tlirec days between each layer, will be ad- 
vantageous. When the stucco is intended to be finished in 
any given tint, as grey, light green, 8cc. it will then be pro- 
per, about the third coat of painting, to prepare the ground 
for such tint, by a slight advance towards it. Grey is made 
•2T 
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iFitli white- lead, Pnissian-blue, ivory-black, and lake; sage- 
pri-en, pea, and sea-greens, with white, Prussian-blue, and 
fine yellows ; aprieot and peach, with lake, white, and 
Cbinese vermilion ; fine yellow fawn colour with burnt 
terra sienua, or umber and white; andolive-greenswith fined 
Prussian -blues, and Oxfordshire ochre. 

Distemper, or painting in water colours, mixed with 
size, stucco, or plaster, which is intended to be painted in 
oil when finished, but not being sufficiently dry to receive 
the oil, may have a coating in water colours, of any given 
tint required, in order to give a more finished appearance to 
that part of the building. Straw colours may be made with 
French whites and ceruse, or white lead and masticot, or 
Dutch pink. Greys, full, with some whites and refiner's 
verditer. An inferior grey may be made witli blue-black, 
or bone-black and indigo. Pea-greens with French green, 
Olympian green, &c. Fawn-colour with burnt terra de 
sienna, or burnt umber and white, and so of any interme- 
diate tint. The colours should all be ground verj' fine, and 
mixed with whiting and a size made with parchment, or 
some similar substance. Less than two coats will not he 
sufficient to cover the plaster, and bear out with an uniform 
appearance. It must be recollected, that when the stucco 
is sufficiently dry, and it is desirable to have it painted in 
oil, the whole of the water-colours ought to be removed, 
which may easily be done by washing, and when quite dry, 
proceed with it after the direction given on oil-painting in 
stucco, 

If old plastering has become disfigured by stains, or other 
blemishes, and it be desired to have it painted in distem- 
per, it is, in this case, advisable to give the old plastering, 
when properly cleaned off and prepared, one coat, at least, 
of white-lead ground in oil, and used with spirits of tur- 
pentine, which wUI generally fix old stains ; and, when quite 
dry, take water-colours very kindly. 

MENSURATION OF FAINTBRs' WORK 

Painters' work is measured by the yard square, and the 
dimensions are taken in feet, inches, and tenths. Every 
part which the brush has passed over is measured, conse- 
quently the dimensions must be taken with a line, that girts 
the mouldings, breaks, &c. All kinds of ornamental 
work produces an extra price, according to the nature of 
the imitations, &c. Carved work is also valued according 
to the time taken in painting it. 

Al'I'ENDlX. 
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RAIL-ROADS 



LOCOMOTIVE ENGINES. 




.MIDST the various speculations of the day, perhaps none 
have more deservedly excited the public interest than that 
of the numerous projected lines of rail-road for diminish- 
ing the friction of carriag;es, and for propelling carriages on 
them by either gaa or steam power. 

The lessening the friction, produces a consequent diminu- 
tion in the power which otherwise would be required to 
propel a given weight ; and therefore, is, in a commercial 
nation, like that of the united kingdom, a subject worthy of 
the highest consideration. 

Railways were originally made of wood, and appear to 
have been first introduced between the river Tyne and some 
of the principal coal-pits, as early as the year 1680. The 
scarcity of this material, and the expense of frequent re- 
pairs, soon suggested an idea that iron might be more 
advantageously employed. At first, flat rods of bar-iron 
were nailed upon the original wooden rails, or, as they were 
technically called, sleepers; which, though an e.\pensive 
process, was found to be a great improvement. But as the 
wood on which these rested was liable to rot and give way, 
these railings were soon after superseded by others made 
entirely of iron. 

These tram or rail-roads have, for a considerable length 
of time, been much used in the colliery and mining districts; 
and some few have been carried from one town or manufac- 
turing district to another. The principal of these latter in 
England and Wales are, the Cardiff and Merthyr, 26^ miles 
long, running near the Glamorganshire canal ; the Caer- 
marthen ; the Lexhowry, 28 miles, in the counties of Mon- 
mouth and Brecknock ; the Surrey 26 miles ; the Swansea, 
7^ miles ; one between Gloucester and Cheltenham ; besides 
several in the north of England. 

Railways are of two kinds, arising from the disposition of 
2t2 
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the flaiic'h that is to guide the wheels of the carriage, and 
prevent it from ruoning off the rail. In the one, the flancb 
is at right angles, and of one piece with the flat surface of 
the rail : in the other, the flat surface of the rail is raised 
above the level of the ground, and the flanch is fixed on the 
wheel of the carriage, at right angles to the tyre, or ii-on 
placed on the circumference of the wheel, to strengthen it. 
Beside these, another kind of railway has lately been intro- 
duced by Mr. Palmer, which consists of a single rail, sup- 
ported some height from the surface of the ground : on this, 
two wheels confined in sufficient frame-work, are placed, 
suspending the load equally balanced on either side. This 
arrangement certainly seems to ensure the grand principle 
of lessening friction, and doubtless will, in many situations, 
be found a great improvement. 

Previously to entering upon the probable advantages like- 
ly to result from a general introduction of railways, we 
shdl give the substance of the specification of a patent, ob- 
tained in Sept. 1816, by Messrs. Losh and Stephenson, both 
of whom are well known to those interested in the subject. 

These gentlemen preface a description of their method of 
facilitating carriages along tram and railways, with an ob- 
servation, that there are two kinds of railways in general 
use ; the one consisting of bars of cast iron, generally of 
the shape of that described by «, fig,631 , the other of the 
shapeof that described by figs. 630 and 631. That shewn at a, 
fig. 629, is known in different situations by the denomina- 
tion of the edge rail, round-top rail, fish-backed rail, 4c. 
That shewn at figs. 632 and 633, by the denomination of 
the plate-rail, tram-way plate, barrow-way plate, &c. The 
first we shall distinguish by the name of the edge railway ; 
the second, by that of the plate railway. 

In the construction of edge railways, Messrs. Losh and 
Stephenson's objects are, first, to fix both the ends of the 
rails, or separate pieces, of which the ways are formed, 
immovable, in or upon the chairs or props by which they 
are supported ; secondly, to place them in such a maimer, 
that the end of any one rail shall not project above or fall 
below the correspondent end of that with which it is in con- 
tact, or with which it is joined ; thirdly, to form the join- 
ings of the rails, with the pedestals or props which support 
them, in such a manner, that if these props should vary 
from their perpendicular position in the line of the way, 
(which in other railways is often the case) the joinings of 
the rails with each other would remain as before such variR- 
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tion, and so that the rails shall bear upon the props as firm- 
ly a? before. The formation of the rails or plates of which 
a plate railway consists, being different from the rails of 
which the edge railways are composed, they are obliged to 
adopt a different manner of joining them, both with each 
other, and with the props and sleepers on which they rest. 
But in the joining these rails or plates upon their chairs and 
sleepers, they fix them down immovably, and in such a 
manner that the end of one rail or plate does not project 
above, or fall below the end of the adjoining plate, so as to 
present an obstacle, or cause a shock to the wheels of the 
carriages which pass over them, and they also form the 
joinings of these rails or plates in such a manner as to pre- 
vent the possibility of the nails, which are employed in 
fixing them in their chairs, from starting out of their places 
fi-om the vibration of the plates, or from other causes. 

In what relates to the locomotive engines and their car- 
riages, which may be employed for conveying goods or 
materials along edge railways or plate-railways, or for 
propelling or drawing after them the carriages or waggons 
employed for that purpose, their invention consists in sus- 
taining the weight, or a proportion of the weight, of the 
engine, upon pistons, movable within cylinders, into which 
the steam or the water of the boiler is allowed to enter, in 
order to press upon such pistons ; and which pistons are, by 
the intervention of certain levers and connecting rods, or 
by any other effective contrivance, made to bear upon the 
axles of the wheels of the carriage upon which the engine 
rests. In the formation of the wheels it is their object to 
construct them in such a manner, and to form them of such 
materials, as shall make them more durable and less ex- 
pensive in the repairs than those hitherto in use. This is 
accomplished by forming the wheels either with spokes of 
malleable iron, and with cast iron rims, or by making the 
wheels and spokes of cast iron, with hoops, tyres, or trods, 
of malleable iron, and in some instances, particularly for 
wheels of very small diameters, instead of spokes of mallea- 
ble iron, employing plates of malleable iron, to form the 
junction between the naves and the cast iron rims of the 
wheels. 

The advantages gained by this method of constructing 
railways are, first, that the separate pieces of which they 
consist are, ctsteris paribus, rendered by this mode of joining 
them, capable of sustaining a much heavier pressure than 
those which are joined in the usual way. Secondly, by this 
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mode of joiuing the rails, they remove the liability to 
rails joined iu the usual plan, (where the end of one i 
seldom in the same plane with the correspondent end of the 
■lext) are exposed, of receiving blows and shocks from the 
carriages which move over them, and to which blows and 
shocks the great breakage which often occurs in railways, 
when not made of enormous weight, may generally be re- 
ferred; and as action and re-action are mutual and con- 
trary, if they prevent the communication of shocks to the 
rails, they at the same time preserve the wheels, the car- 
riages, and engines which move oier them, from the re- 
action which is often destructive to ihem. As ihe centre of 
gravity in a loaded coal-waggon is, from its shape, much 
elevated, there is generally a great waste of coal from the 
shaking of the waggons, to which that circumstance {the 
position of the centre of gravity) makes them more liable 
when they encounter obstacles, as they do at the junction 
of almost every two rails on the common railways. On 
Losh and Stephenson's railways, the loss thus arising is, 
if not entirely prevented, at least considerably diminished, 
by the steady and regular motion of the waggons. The 
usual method of fixing down the plates, of which the plate 
railways employed in coal-mines, and there called tram 
and rollcy-ways, are formed, is by a single nail, nearly at 
each end of each plate ; which nail passes through a hole in 
the plate, and fixes it to a sleeper of wood. These nails, 
from the vibration of the plate, or the motion of the sleeper, 
or some other cause, generally very soon start up, and con- 
sequently the plates work loose, and very frequently the 
nails come entirely out. The delay of work, the breakage 
of plates, wheels, &c. and the injury which the horses re- 
ceive from the loose nails which result from the mode of 
fixing the plate railways, are generally complained of, and 
therefore the advantages of apian which will remove these 
inconvenienccfe must be apparent. 

When locomotive steam-engines are employed as the 
moving or propelling power on railways, these gentlemen 
have, from much practice, found it of the utmost impor- 
tance, that they should move steadily, and as free as possi- 
ble from shocks or vibrations, which have the effect of 
deranging the working parts of the machinery, and lessening 
their power. It is therefore to produce that steadiness of 
motion, and to prevent the engines from receiving shocks, 
and to presen'e their equiiibrium, that they employ the 
floatiug pistons, which, acting on an elastic fluid, produce 




the desired effect with much more accuracy than could be 
obtained by employing the finest springs of steel to suspend 
the engine. The wheels which are constructed on this plan 
will be found, when compared with those already in use 
(the weights of both being equal) to be more durable ; for 
the arms, when made of mallenble Iron, being infinitely 
less liable to be broken by shocks or concussions, than 
those of cast iron, may be of less weight, and in fewer 
numbers, so that the excess of weight of the extra arms of 
the cast iron wheels may be applied on the rims of these 
wheels, and thus add to the substance of that part which 
alone suffers from the friction of the rails. The rims of 
wheels thus constructed, can also be case-hai-dened without 
risk of breaking, either in cooling or afterwards, which is 
not the case when wheels are cast in one piece. The ad- 
vantage of hooping cast iron wheels with malleable iron 
tyres or trods, is, that when such tyres or trods are worn 
through, they can very easily be replaced at a small exjjcnse, 
and that the tyre, which is not liable to break, receiving 
the shocks from the re-action of the rails, preserves the 
cast-iron wheel, by considerably lessening the effect of such 
shocks on the east metal. 

As it is perhaps impossible to cast the bars or plates of 
metal of which railways and plate-ways are composed per- 
fectly straight, and correctly even and smooth on their sur- 
faces, and equally difficult to fit the joints with mathema- 
tical accuracy, the wheels of the engines and waggons will 
always have some inequalities and obstacles to encounter. 
From these circumstances, therefore, Messrs. Losh and 
Stephenson are induced to employ the improvements which 
they have made in the construction of the locomotive en- 
gine, and in the wheels of carriages upon edge railways 
and plate railways, constructed according to their own 
plans ; but it is apparent that their adoption on the rail and 
plate-ways on the usual construction, is of still more im- 
portance. 

They therefore claim as a method of facilitating the con- 
veyance of goods, and all manner of materials along edge 
railways or plate railways, the use of any of the plans 
they have described singly, as well as the whole of them 
collectively. They have no hesitation in saying, that on a 
railway constructed on their plan, and with a locomotive 
engine and carriage-wheels on their principle, the expe- 
dition with which goods can be conveyed with safety, will 
be increased to nearly double the rate with which they are 
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at present usually taken along milways, and with lei 
interruption from the breakage of wheels, rails, &c. thu 
at present occurs, and with much less injury to the worfc 
ing parts of the engine. 

In order that their specification may be more clearly u 
derstood, we have annexed a schedule of drawings. 

inal view of the locotnotite engine c 
^ , . '■ cvlinders contaiiiing the floating' piatoiH 

b fi, which are more fully descrilied in the nest figure. 

Fig. 630 represents a cross section uf Fig. GS9, at the middla cylin 
ders a, a; b b are the fluatiug pistons, connected with the wrought ii 
rudi c c, the ends of which rent upon tlie beuring brasses of the axle 
the wheels tl d. These pisWni press eqiiftlly on all the axles, and cj 
each of the wheels to press with an et^ual stress upon the mils, aud to 
upon them with an equal degree of friction, although the rails should ni 
aU be in the aame plane, for the bearing brasses have the liberty i. 
moving in a perpendicular direction in a groove or slide, and, carryhu 
the axles and wheels along with them, force the wheels to accomniodab 
themselces to the inequalities of the rail-way. 

Fig. 634. is a view of the wheel, with wrought iron arms, aae 

Bhow how the arms are cast in the nave b i, and dropped 'nto thont 

holes cccccc in the rim. which are dovetailed, to suit the dovetailei 
ends of the arms ddd ddd. The arms are Iiented redhot previously U 
dropping them into the hbles, in order to cause them to extend a iiffieienth 
for that purpose, for when cold they *re too short In doing this tl 
take advantage of that quality wMch iron possesses of expanding on cob 
application ot' heat, and of contracting again to its former dimensions an ' 
couling down to the aame temperature from wluch it was raised; tli* 
arms, therefore, on cooling are drawn with a force sufficient to produce a 
degree of ci.-ii.bi nation between their dovetailed pnds a>>d the mortises of 
the rim, which prevents the possibility of their working loose ; they ara 
afterwards keyed up ; the niortise holes are alsr) dovetailed, from the tul, 
side of the wheel (a a, fig. 6,15) to the crease side (A b, on the sama 
figure). 

Fig 635, is a cross section through the centre of the wheel, with 
wrought iron arms. i 

Fig. 63G is an end liew of Fig. OSS. ■ ^ 

Fig. 637 represents a view of their edge railway ; shewing a, rail «, 
connected with the two adjoining rails, the ends of which are shewn br 
b b, and also with the props or pedestals on which they rest, d d shoif 
the metal chairs, and c e the stone supports. Tlie joints e i are made hj 
the ends of the rails being applied to each other by what is denominated 
a half lap, and the pin or bolt g, which fixes them to each other, and to 
the chair in which they are inserted, is made to fit exactly a hole which is 
drilled through the chair, and both ends of the rails at such a height as to 
allow both ends of the rails to hear on the chair, and the bearance being 
the apex of a curve, they both bear at the same point. Thus the end of 
one rail cannot rise above that of the adjoining one; for although the 
chair may move on the jiin iu the direction of the line of the road, yet the 
rails will still rent upon the curved surface of their bearaace without 
muling. 

Fig. 638 is a cross section oP*heir edge railway througii the middle of 
one of the chairs a, and across the ends ofthe two adjoining rails c d ai ' 
he piu e ; / h the stone support or sleeper. 




Fig. flSQis a cross section of a rail a, at the centre, and shows the 
riapc c behind. 

Fiff. 640 n a plan of the rail-way deacribed at fi^. 637, shewing- fie 
half lap joining's of the raiU c e, pUced in their carnages ild. 

Fig. 641 is a view of the cast iron wheel with the walleable iron tyre 
This wheel is made with curred spokes, as shewn at a a aa ana a aa,ia 
the fiif'ire, and with n slit or aperture In the rim, shewn at 6, into which 
a key is inserted. T^c reason of this is, that on the application of the 
hot tyre the east metal expands unequally, and the rim is liable to be 
cracked, and the arms drawn otf, unleea the first is previously slit or 
opened, and the latter curved, which allows them to aceommudate them- 
aelrea to the increased diameter of the wheel ; hy this formation of the 
wheel the tyre might he forced on when cold, and keyed up afterwarde. 

Fig. 642 is a cross section of lig'. 64t, through the centre, a a show 
the tyre, bb hb show the metal rim. This cast metal rim is doTetailed ; 
N tiiat when the tyre, which is dovetiuled to suit it, is pDt on hot, it con- 
trasts and applies itself to the rim with a degree of adhesion which pre- 
vents its coming olf from the motion of the wheel on the rail-way. This 
wheel is of the form to suit an edge railwaj, and to make it answer for 
' B plate ra>' 't only requires the rim to be round or flat. 

Fig. 645 is an end view of fig. 641, without the malleable iron tyre. 

Fig. 644 represents a view of a rolley or tram-wheel, calculated to 
move upon a plate railway, aaaa show the malleable iron arms, 
fastened to the projections hhhb, on the iuEide of ithe rim c c c, hy the 
bolts dddd. 

Fig. 643 is a cross section of fig. 644^ through the centre of the wheel, 
a a show the arms, c c the rim, d il the boltB, 

Fig. a4U represents a view of a rolley or tram-whee', with a plate of 
maUeahle iron a a an, to form the junction between the nave b b and the 

Fig. 647 is a cross section of ii^. BAG. a a show the plate upon which 
the nave A A is cant, e e show the cast iron rim which is cast upon the 
plate, the edges of which plate are previously covered with a tliin ctiating 
of loam and charcoal dust, ur other fit substance, to prevent the too inti- 
mate adhesion between the iron plate and metal rim, so that if the rim 
should break, it can easily be taken off and replaced by casting another 
on tlie plate. 

Pig. 648 represents the plate railway on their plan. At the end of 
each plate are projectious aaaa, to fit into the dovetail carriage bb, and 
at eaeh end of each plate are projections or tenons ecec, which fall into 
the mortise hole ((/, in Figs. 649 and 650) in the carriage b b, and secure 
the rail from an end tnotion ; and when the pin or key e is driven into its 
place, it secures the plates from rising, thus they are fixed immovable 
in their carrias^es. 

Fiff. B49 is a front view of fig. 648, 

Fig. QM is n plan of the carriage, in which a a show the nail holes 
throue'h which the nails are driven, to secure it to the sleeper. IVlien 
the rails are laid in thin carriage, and secured by the pin or key, they 
keep these nails from starting up by resting upon them. 

Fig, 651 is a cross sctlion uf the carriage, and the end of cne of the 
plate rails. 

Fig. 689* shews a rail of the common way, inrlinin" out of the horizon 
tal position, as tiiey very often do from' the yielding of the pnipb or 
pedestals, and of course a shock is sustained by the waggons in passing 
the joining to (he next rail 
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The ease with which cast-iron can be made into any re- 
quired shape has till very recently given to rails of that 
material a decided superiority over those of maUeable-iron. 
But the brittleness of the former renders such rails very 
liable to be broken, unless, indeed, they be of such sub- 
stance as will resist the effects of the blows or shocks to 
which they are exposed, and which will require them to 
be of considerably greater weight than otherwise would be 
necessary. To obviate this, numerous experiments have 
been made with a view to substitute malleable-iron for cast- 
iron rails. 

Rails of malleable-iron appear to have been first used at 
Lord Carlisle's works, at Tindal Fell, in Cumberland, about 
the year 1808; and though found there, and also at two 
or three other places at which they were tried, to be a 
saving in the first cost, and much less liable to accident^ 
they have not till very lately been much used. In ficM^, it 
was not till some time after Mr. Birkinshaw, of the Bed- 
lington Iron Works, had obtained a patent for malleable- 
iron rails of a new and improved construction, that rails of 
this material came into competition with the cast-iron rails. 

The form of the malleable-iron rails previously to this 
was that of a parallelopipedon ; which was liable to two 
objections, either that the narrowness of the surfaces, when 
compared to the breadth of the rim of the carriage wheel, 
was so considerable as to expose both the wheel and the rail 
to great injury from wear ; or, if the breadth of the rail 
was increased to remove this objection, the weight of the 
rail would make the cost amount to almost a prohibition of 
its use. 

Mr. Birkinshaw obtained his patent in October 1820; 
and the improvement consisted in making the rails in the 
form of prisms, though their sides need not of necessity be 
flat. The upper surface, on which the wheel of the carriage 
is to run, is slightly convex, in order to reduce the friction ; 
and the under part, which rests on the supporting blocks, 
chains, rests, standards, or pedestals, is mounted upon the 
sleeper. The wedge form is proposed, because the strength 
of the rail is always in proportion to the square of its 
breadth and depth. Hence this form possesses all the strength 
of a cube equal to its square, with only half the quantity of 
metal, and consequently half the cost of the former .'ail. 
Sufficient strength, however, may be still retained, and the 
weight of metal further reduced, by forming the bars with 
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concave sides, which is the form of rail the patentee decidedly 
prefcra, although the prism or wedge form, in all its varie- 
ties, is the principle upon which his patent-right is founded. 

The mode of making these wedge-formed rails of mallea- 
ble-iron is, by passiug bare of iron, when heated, through 
rollers, having grooves or indentations cut upon their peri- 
pheries, agreeably to the intended shape of the bar to be 
produced. But, though the patentee recommends, and 
adopts this mode as the most eligible means bf producing 
these rails, he claims the exclusive right of manufacturing 
and rendering the wedge-formed bars or rails of any length, 
for the purpose of forming or constructing rail-roads. 

The advantages derived from this method of constructing 
railways may be as follows ; — 

Ist. The original cost of a mall cable -iron railway is less 
than a cast-iron railway of equal strength. 

2dly. As the rails can be made in the lengths of 9,12,15, 
or 18 feet each, and even longer when required, the number 
of joints is hereby reduced ; and thus is removed, in a great 
measure, the liability to which the short rails now in use 
are exposed, of receiving blows and shocks from the car- 
riages which move over them. 

3dly. In order to remedy the evil aiising from the rails 
being imperfectly joined, the plan of welding the ends to- 
gether has been adopted ; by this means making one con- 
tinued rail the whole length of the road without any joint 
whatever. 

4thly. It hence follows, that on iron railways, the loss of 
coals, occasioned by the jolting of the waggons at the joints 
of the rails, and the injury done to the wheels, the car- 
riages, and engines from the same cause, are, if not entirely 
prevented, at least considerably diminished. 

In September, 1821, Mr. Losh took out another patent 
for further improvements in the construction of rail- 
ways. These improvements consist, first, in fixing bars of 
malleable iron on the upper surface of a line of cast or 
malleable iron rails, of whatever form such rails may be, 
in the longitudinal direction of the rails when laid, so as to 
form an uninterrupted line the whole length of the bar, 
which may be as long as it shall be found convenient, and 
of the same breadth, or a little broader or narrower than 
the upper surface of the rails to which it is fi.ted. Secondly, 
infixing, in some cases, a band or strap of malleable iron 
to the under surface of cast-iron rails, in order that such 
strap or band may, by its power qf tension, give aapport to 
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the cohesion of the parts uf cast irou rails, aad admit of its 
being made lighter, of less expense, and less liable to 
breakage. Thirdly, in forming a rail, by fixing two bars of! ■ 
malleable iron on their sides or edges, and fixing them ia W 
that position by bolts aud studs, or any other eonveni'ent- 1 
method ; and in placing and fixing on their upper edges a, r 
flat bar of malleable iron, or one which is slightly curved or^" ' 
rounded at the edges to diminish friction, so that the bar', 
or plate, placed and fixed on the upper edges of the two 1 
malleable iron bars, shall form the surface upon which the." r 
wheels of the carriage are to revolve. I 

Mr. Losh states, in the specification of his patent, tht^. J 
rail-roads are now become so general, that for the infor-j 
mation of mechanical men, or those who have the difec-. ^ 
tion of constructing and laying them, drawings would be*] 
quite superfluous ; he therefore proceeds to state the me-'l 
thods which he has found the most convenient, for forming F 
the junction of the plate or flat bar, which he applies upon I 
the surface of the body of the rail ; and also the mode by 1 
which he attaches the band or strap to the lower edge of I 
the cast iron rail. | 

He recommends the dimensions of the bars meant to form I 
theupper surface of a railway, calculated to carry lucomo-,1 
tive engines of seven or eight tons, and waggons of three or r 
four tons weight each, to be fifteen or sixteen feet long^ L 
two and a quarter inches broad, and half to five-eighths o^l 
an inch thick. At every eighteen inches or two feet of the"" 
length of this surface- plate, a tenon is firmly welded or 
riveted; or otherwise attached to the under side, taking;] 
care in this operation to leave the upper surface of the plate 
even as before. These tenons have holes through them in the 
transverse direction of the bars, to take a pin or rivet of 
from about a quarter to half an inch in diameter; and at 
each extremity of the plate, a tenon is fixed on by welding, 
having previously cut off a piece of about two inches long, 
and of half the breadth of the bar, from the opposite ends of 
the bar or plate, and at the opposite angles, so that when 
two bars, so prepared, are brought to join at the ends, the 
joint is what is denominated a half-lap, or scarfed joint. 
If it be required to place malleable iron plates or bars on 
:ast iron rails, nothing more is necessary than to make the ' 
[ rails with mortise holes, to receive the tenons with trans- 
\ Terse boles, to correspond with those in the tenons fixed on 
Lihe plates; and, after placing the rails in their chairs or 
33, to apply the plate to the surface of the rails, and 
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lo drop the tenons into the mortise holes, and to secu 
them there by a pin driven tightly into and through the 
transverse holes of the tenons and mortise holes. The 
mortise holes are made in the rails by placing a core in the 
mould previously to running in the metal, and lest this 
core should weaken the rail, it is advisable to add as much 
metal on the outside of the rail, in the form of a boss, where 
the hole is, as will make up the deficiency. A chair is then 
placed on a pedestal at every three or four feet distance, less 
or more, according to the length of the cast iron rails ; and 
each of these must be supported at its ends : these rails are 
generally made with half-lap joints, and to rest on a curb 
bearancc. Care is taken that, where the ends of the surface- 
plates meet to form ajoint, they shall be sustained by a chair; 
and the reason for making the joints half-lapped, or scarfed, 
with tenons welded to these half laps is, that one pin or bolt 
will secure both the adjoining ends of the surface-plates, and 
of the bars of cast iron, more perfectly in the chair, than any 
other known contrivance, when the bearaiice is the apex of 
a curve. Surface-plates thus prepared with tenons, as 
described above, may be atta:ched and fixed to the upper 
surface of a series of malleable iron rails placed in chairs, 
which rails consist of flat bars (generally three or four feet 
long, more or less, but sometimes also as long as the sur- 
face plate), fixed on their thin edges, so as to present the 
greatest resistance to a weight bearing upon them. For 
this purpose, pins or rivets may be driven through the 
transverse holes in the tenons on the surface-plate, and the 
corresponding transverse holes made in the supporting bars ; 
and thus may be formed a eheaj) and very seiTiceable rail- 
way. In this case, the supporting bars should not be less 
than two and a half inches deep, by half an inch thick, if 
meant to carry locomotive engines. For smaller carriages, 
the bars may be of less dimensions, in proportion to the de- 
creased weight of the carriages. 

In forming the rail, consisting of a plate of malleable 
iron, supported by two flat bars of the same material, Mr, 
Irtish prepares the surface-plate as above with tenons, and 
having fixed the two bars intended to support it on their 
edges, parallel to each other, in a series of chairs, and se- 
cured them in that position by bolts passing through them, 
and by intervening studs, to keep them at a proper distance, 
which is sueh, that the sides or edges of the surface-plate, 
which may be a tittle curved or rounded, to diminish the 
friction from the wheels passing over it, shall project about 
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a quarter of an inch beyond them. By these intervening 
studs, the surface-plate is laid upon them, and the tenons 
are dropped in between thein, and fixed by pins or bolts 
passing in a transverse direction through holes in the bars, 
which are made to correspond with holes in the tenons, 
and thus securing them as if they were in mortiae-holes. 
The strap or baud of malleable iron is fixed by Mr. Losh to 
the under edge of the cast-iron rail, by perforating both 
ends of the strap, near the extremities, with a long hole, cal- . 
culated to pass over studs of malleable iron which are 1 
fixed at each end of the rail, by being run at the time of 1 
casting the rail or otherwise. The studs should be abootj 
one and a half inches broad, by three- eighths of an iuc&<1 
thick, and placed so, that when the strap has been put ov^ i3 
them in a heated state, it cannot, in coutracting, slip U^J 
hold; but will, on the contrary, fix itself tlie closer. ThesBl 
straps arc made of malleable iron bars, about one and fU 
half inches broad, three-eighths to half an inch thick, t 
of such length as to draw stJ'ongly against the stnds ; 
bottom of the rail, when in its position. The under edgvj 
of the cast iron rail to which this strap is applied beiiig[;a 
curved, it will,' when the strap is fixed upon the studs, hgf4 
an extension of its length by heat, apply itself firmly K^l 
and support every part of the lower edge of the rail, in con- ,1 
tracting, by parting with its heat ; and till the power (tf I 
tension of this strap is overcome, and it extends in length, T 
or the studa break, the rail cannot give way. 1 

Many other methods, perhaps equally secure, may b€ \ 
made use of to place and fix surface-plates on the surface of ■] 
rails ; but Mr. Losh prefers the plan pointed out, by te- J 
nons and mortise-holes, and by rivets passed through holes 1 
in such tenons, and through corresponding holes in the | 
Bupportiug bars; because, when worn or damaged, these ' 
plates can easily be taken off and replaced, without injury to 
that part of the rail which supports them. 

The principal patents obtained before the above described, 
are those by Blenkinsop, Brunton, and Chapman ; specifi- 
cations and drawings of which may be seen in the Reper- 
tory of Arts. 

Mr. Blenkinsop's patent was obtained the 10th of April, 
1811, and is for a method of fixing into the ground a 
toothed rack, or longitudinal piece of cast iron, or other fit 
material, having teeth, or protuberances, into which a 
toothed or cogged wheel, connected with a locomotive car- 
riage, plays. 
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Mr. Brnnton's patent was taken out the 22iid of May, 
1B13, and is for a method of propelling machines along a 
railway by means of two or more bars or legs, which, by 
receiving a reciprocating motion from a steam engine, act 
against the ground like a man's legs, when in the act of 
walking. These bars or legs are constructed of metal or 
wood, and of such length that, during the act of propulsion, 
the angle formed by the said bars or legs and the surface of 
the road may be such, as to afford sufficient resistance from 
the materials propelled against to overcome the friction of 
the body to be moved. This angle admits of considerable 
latitude ; but H;ill be found to answer best when between 
50 and 70 degrees. 

The reader has now been informed of the principal patents 
that have been taken out for improvements in rail-roads. 
The rails most in use are those of cast-iron by Losh and 
Stephenson, and of malleable-iron by Birkinshaw. 

Previously to constructing a railway, it is necessary to 
ascertain, as accurately as the nature of the thing will ad- 
mit, the quantity of lading expected to traverse each way 
upon its line. For if the weight of the carriage of merchan- 
dize, &c. be more in the one direction than'in the other, as 
will frequently be the case in forming a line of railway from 
a manufacturing or mining district to a town, the railway 
must have a gentle inclination or descent ; but if the lading 
is expected to be nearly equal in both directions, with r 
preponderance at certain periods only, the railing must, in 
such case, be set out in levels, or in lines neariy level, 
and the ascents and descents made by planes inclined ac- 
cordingly. 

That the reader may see the necessity of paying due at- 
tention to this point, we shall show the advantages that will 
result from constructing railways with a gentle gradual 
descent, when the carriage of the articles of trade are con- 
siderably more in one direction than the other. 

Dr. Armstrong, in his Recreations in Agriculture, ob- 
serves, that ahorse, travelling at the usual rate that waggons 
move, would, with ease, under favourable circumstances, 
draw 20 tons ; but Mr. Fulton says, that five tons to a horse 
is the average work on railways, descending at the rate of 
three miles per hour ; or one ton upwards with the same 
speed. Mr. Telford, an experienced engineer, observes, 
that on a railway well constructed, and laid with a declivity 
of 50 feet in a mile, one horse will readily take down wag- 
gons containing 12 to 15 tons; and bring back the same 
waggons with four tons in them. Mr. Joseph Wilkes, in 
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1799 stated, that a horse of the value of 201. drew down the 
declivity of an iron road, tilths of an inch in a yard, 21 car- 
riages or waggons, laden with coals and timber, weighing 35 
tons, overcoming the vis inertuB repeatedly with ease. The 
same horse, up this declivity, drew five tons with ease. On 
a different railway, one horse, value 30/. drew 21 waggons 
of five cwt. each, which, with their loading of coals,' 
amounted to 43 tons eight cwt., down the declivity of l-3d 
of an inch m ti yard ; and up the same place he afterwards 
drew seven tons ; the cwt. in aU these experiments by Mr. 
W. being 1201bs. 

Though in the preceding statements there is an apparent 
variance, the authors are not the less entitled to credit ; be- 
cause the variations may have arisen from diflference in the 
physical strength of the animals, or in the method of con- 
structing the railways. To make the case, however, as 
clear as possible, we shall here present our readers with 
some observations and calculations deduced from known 
data, which have lately appeared in a very able pamphlet, 
entitled "A Report on Rail-Roads and Locomotive Engines," * 
by Mr. Charles Sylvester, civil engineer. 

Mr. Sylvester, having made some judicious observations 
on the principles of railways, and the nature of the friction 
to be overcome, states, that, " agreeably to the principles 
laid down in the commencement, wl\en a force is applied 
equal to the friction, the smallest force above that would. 
If continued, generate any required velocity. But it will 
be desirable to have such a force at command, as will ge- 
nerate the necessary velocity in a short time, and when that 
has been accomplished, to reduce this force, but still to leave 
it fully equal to the friction. If any part of the route has an 
inclination, there ought to be an extra force at command, 
above what would be required for a dead level. The plane 
on which this experiment was made, inclined, in the direc* 
tion of the load, about \ of an inch to a yard. This is as 
great, or perhaps a greater, inclination than any rail-road 
ought to have, where loaded carriages go up and down. 
The moving force ought, therefore, to be always greater 
than the friction added to the force which is required to 
overcome the inclination of the plane. The latter force 
assists the body to go down, and equally resists it in moving 
upwards. 

*^ On this account" says he, ** I have used, or supposed, a 
moving force, which will give the velocity of 5 miles an hour, 
or 7i feet per second, in the space of one minute. This will 
be performed down the above ^lane by the ai^e making 
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4r).»ti'ukt» per minute, (the circumference of the whci;l 
btiing nine feet), with a pressure of 9'7tl>s. ujiou an ineb, of 
eiLch of the two cylinders, the area of each being 63'6 square 
inches. The weight of the engine and 16 wagguns ise(]ual 
to 154,5601bs, or nearly 70 tons. The velocity of five miles 
.nn hour being acquired after one minute, the only fnrec to 
■ keep the whole in motion, at the same rate, will be the dif- 
ference between the gravity of the *cight down the plane 
and the friction. The fiietion is 9001bs ; the gravitating 
force of the weights down the plane 5401bs ; therefore 900 
- 540 = 360!bs. 

" If the same weight, at that speed, had to move on a dead 
level, und acquired the same velocity in one minute as be- 
fore, the movnig force would require to be I7Bllbs. which 
would require a pressure of 13'71bs. upon one iuch. But 
after the speed is obtained, it will require only 7lbs. to keep 
it moving at the same rate. If the same load were required 
to move up the plane, it would require a moving force of 
232Hlbs. or a pressure upon every square inch of 18-31bB. 
And this velocity would be kept up by a constant pressure 
of 14471bs. which will be ll'Slbs. uponeveiy inch pf the 
piston. 

" In starting the engine, in the first instance, and giving 
the required velocity, it is probable the efifects will agree 
very nearly with these calculations ; namely, 154,560lbs. 
moved at the rate of five miles an hour, with a pressure of 
9'71b9. upon every inch of the piston. Whether the pres- 
sure were reduced to the difference between the friction and 
the force upon the plane, which is calculated at 2'81bs. it is 
diOicult to say, as there was no steam-gauge to indicate the 
pressure when the engine was going." 

Ill table 1, at a more advanced part of the work, 
Mr. Sylvester states, that, when the engine is required to 
travel at the rate of uinemilea per hour,the force necessary to 
overcome the weight, I54,560lbs. will be for the first minute, 
when the engine is travelling on a level 2890'811b3; when 
moving down the plane 246r6Ilbs} and when moving up 
the plane 3320-OIIbs. But that, when the velocity is at- 
tained, a force that will balance the friction is sufficient to 
keep up the required velocity. This force is, for travelling 
on a level, 900lbs ; for moving down the plane, 4711bB ; an<l 
for moving up the plane 13291bs. 

By this, therefore, it is evident that, when the Ii..hiig is 
expected to be considerably more iu one direction of tiie 
line of rail-road than it is in the other, the hdvnntagc which 
2 U 
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will arise from making the road with a gentle slope, ia very t 
^eat. This kind of railiug is also preferable when the la- J 
ding is only equal at- certain periods. For then the expense J 
of extra horses, to draw the additional weights up the plane 1 
during these periods, will fall infinitely short of the expense J 
saved by making the plane with a gentle inclination. J 

The necessaiT pi-eliminaries being settled, the engineer 1 
will obtain much greater facility, as also a diminution of ex* .' 
peiise, by beginning to lay down the rails on any part of the 
intended line of road where stone, gravel, and other mate- 
rials that are wanted, are to be most conveniently had ; as, 
by ttiat means, he will evade the slow and expensive mode 
of common cartage. 

The immense suras that have been invested in the hands of ,J 
certain companies, for the purpose of establishing general , 
lines of rail-road throughout the country, have excited mucb ■ 
interest and elicited many able papers from practical menj,-| 
in seveial of the publications of the day. Amongst thesei,,! 
perhaps those inserted in the Scotsman, an Edinburgh news-^ | 
paper, and in the Manchester Guardian, arc tlie most d^ f 
serving of our notice. ' j 

The Scotsman first commences with some theoretictili j 
statements, aud then continues : 

Having developed the theory of the motion of carria;^ 
on horizontal railways, we shall have little more to do witll 
mathematical discussions, and shall nnw lurn our attention 
to points of a practical nature, butter adapted to the tiiste of ' 
ordinary readers. But first, we shall briug under the eye 
again, the effect of a given quantity of power on a railway,. 
and on a canal, in a calm atmosphere — for it is only In a 
calm atmosphere that the results can be property compared. 

We have found that a boat weighing with its load 15 tons, 
and a waggon of the same weight, the one on a canal, and the 
other on a rail-way, would be imi>elled at the following rates, 
by the following quantities of power — which we have stated 
both in pounds and in horse power — reckoning one horse 
power equal to 180 pounds. 

Boat on a Canal. Waggon on a Rail-way. 

Milea powptin Horse power in Horre 

per houi. pounds. pow^c. in pounds, paner. 

2 - - S8 l-Slh - - 100 1 

4 - • m 3-3dB. - - 102 i 
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We have not taken into Recount the time lost in over- 
t^iirniiig the inertia of ihe waggon whort? a .siiiall power is 
applied, because, in point of tact, the casual resistiiDce of 
the wind would render it necessary to provide double or 
triple the power above stated. But if necessary, the time 
lost by the slow motion at first might be saved. Suppose 
there are a certain number of places where the steam-foach 
or waggon was to stop, to take iti or put out passengers or 
goods; and farther, that the waggon, by travelling a few 
miles, has acquired an uniform velocity of 20 n)ile5 an 
hour. Then, if it is made to ascend an inclinetd plane of 10 
feet perpendicular height, this velocity will he extinguished, 
and the vehicle will stop at the head of the plane. When 
it is to proceed again on its journey its descent along an in- 
clined plane of the same height on the other side, will enable 
it to recommence its career in a few seconds with the full 
velocity of 20 miles an hour. By raised platforms of this 
kind, at the two extremities of the journey, and at the in- 
termediate stages, the velocity thus generated, might be 
treasured up for permanent use. The platforms should be 
of different heights, corresponding to the various velocities 
of the vehicles plying on the railway. But, in point of 
fact, the terminal velocity is attained so soon from a state of 
rest, that this contrivance wonid probably be found un- 
necessaiy. 

Where locks or lifts occur, the stationary steam-engine 
should drag up the vehicle (supposing it to be along an in- 
clined plane), not simply from the one level to the other, 
but to a platform some feet above the higher level, that the 
vehicle, by its descent, might recover the lost velocity. It is 
plain, however, that when the diS'erence of level did not 
exceed eight or ten feet, the momentum of the vehicle 
would carry it up without any assistance from a stationary 
engine, and with merely a small temporary loss of velocity. 

Some persons imagine erroneously that teethed wheels 
and rackwork would be necessary where the railway was 
not perfectly level. But the friction of iron on iron being 
25 per cent, of the weight, if the whole load was upon the 
wheels to which the moving power was applied, and if the 
quantity of power was sufKcient, the waggon would ascend 
without slipping though the plane rose one foot iu four — 
while even cart roads scarcely ever rise more than one foot 
in 18 or 20. If four-fifths of the load, however, were placed 
on separate c^rs, and only one-tenth of the whole pressure^ 
for instance, was ujton (he axle to which the moving force 
3u2 
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was applied, the power of ascent by friction would ouly beM 
oiie-teiith of one font in four, or one foot in forty. 

The steam eu^ine, us we cunimuuly see it, is so buikj^ 
and with the addition of its fuel and supply of v 
ponderous, as to create an impression on a first view, t 
its whole power would scarcely, under the most favonrablle 
circumsiances, transport its own weight. The steam-bt 
however, which cois its way through the ocean, in defiai 
of tide and tempest, shews that this is a mistake. For a 
velocities above four miles an hour, the locomotive engineJ 
will be found superior to the steam- boat ; that is to say, Itfl 
will afford a greater amount oifree power, above what is re-1 
quired to move its own weight. ■ 

We have seen various statements respecting the loc(^ I 
motive engine, few of them so detailed as could be desired— \ 
from which we subjoin the following particulars : 

Trevithick and Vivian's high ])ressure locomotive en- 
gine, with a cylinder of eight inches diameter, and a pres- 
sure of 65 pounds per square inch (apparently about eight 
horse power), drew carriages containing ten and a half tons 
of iron, at five and a half miles per hour, for a distance of 
nine miles. (Stuart's History of Steam Engine, p. 164.) 
Whether on a road or railway is not mentioned. , 

We find it stated in a Liverpool paper, as the result of a 
inquiries made respecting the locomotive engines, that ODO J 
of these, of ten horse power, conveys fifty tons of goods at ^ 
the rate of six miles an hour on a level railway. But was 
the road an edge or tram road ? 

Mr. Blcnkinsop states, in replies to queries put by Sir 
John Sinclair, that his patent locomotive engine, with two 
eight-inch cylinders, weighs five tons, consumes 2-3d 
cwt. of coal, and fii'ly gallons of water per hour, draws 27 
waggons weighing 94 tons on a dead level, at three and a 
half miles per hour, or 15 tons up an ascent of two inches 
iu the yard ; when ' lightly loaded' travels 10 miles an hour, 
does the work of 16 horses in 12 hours, and costs 4001. 
Another person says, that the weight of this engine with its 
water and coals is six tons, and that it draws 40 or 50 tons- 
(waggons included) at four miles an hour on a level rail- 
way, (Repertory of Arts, 1818, p. 19-21 This seems to 
have been a high pressure engine of about eight or ten 
horse power. But we are not informed what sort of rail- 
way it worked on, how long its journies were, or what is 
meant by ' lightly loaded.' 

Wc shall take for granted then that an eighl-horee 
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power iiigli pressure engine, with its charge of water Biid 
coal, and with the car which bears it, weighs six tons, and 
that it requires an additional supply of lUO weight of coal, 
and 400 weight of water for each hour it works. This is 
very consistent with other ascertained facts. We find, for 
instance, in the parliamentary report on steam navigation, ■ 
that the low pressure engines used in vessels, which are 
made twice as strong as stationary engines, weigh about one 
ton and one-fifth for each horse power, including Iheir 
charge of water and coal. Now the high-pressure engines 
want the condensing ajiparatus which must diminish the 
weight probably by one-fourth part. The estimate for coal 
we have increased one-half, because we think it rather below 
the truth. It is only about nine pounds per hour for each 
horse power, while Mr. Watt allows Iwdv-e pounds for his 
low pressure engines. 

It follows, therefore, that an eight-horse power locomo- 
tive engine, with c<ial and water for eight hours, would 
weigh eight tons. Hence, bulky and ponderous as the 
steam-engine appears, we find that a locomotive engine, 
weighing eight tons, moves 50 tons beside itself, (taking the 
more nirtderatc estimate,) that is, it consumes only one- 
seventh part of the power it creates, when travelling at four 
miles an hour ; or the free power applicable to other pur- 
poses, is seven-eighths of the whole. This is the result of an 
early experiment, made probably upon a rail-road not of the 
beat kind, and with vehicles niucb less perfect than they 
may yet be rendered. Though it falls much under the effect 
calculated theoretically, it does not strike us as being incon- 
sistent with the truth of the pnncipleaon which the calcu- 
lation was founded. 

The high pressure engine, on account of its smaller 
weight and bulk, is evidently best adapted fur railways ; and 
it can be used with perfect safety, because it may be easily 
placed in a car by itself, a few feet before the vehicle in 
which the passengers are. The vehicle itself, by its regular 
and steady motion on the railway, would answer the ^ht- 
pose of a^y-wAee? in the most perfect manner. The en- 
gine might run upon six wheels, which should be locked 
together by teeth pinions, that the tendency to slip might be 
resisted by the friction of the whole mass of eight tons. 
' The best form of a steam coach for the conveyance of 
passengers would probably be the following: — A gallery 
seven feet high, eight wide, and 100 feet in length, formed 
into 10 separate galleries 10 feet long each, connected with 
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each Other by joints working hoiizontally, to alluw the traiu 
to bend where the road turued, A narrow covered foot- 
way, suspended on the outside over the wheels on one Bide, 
would serve as a common means of communication for the 
whole. On the other side might be outside seats, to be used 
id fine weather. The top, surrounded with a rail, might 
also be a sitting place of promenade, like the deck of a 
track boat. Two of the 10 rooms might be set apart for 
cooking, stores, and various accommodations ; the other 
eight wonid lodge 100 passengers, whose weight, with ihaE 
of their luggage, might be 12 tons. The coach itaclf might 
be 12 tons more ; and that of the locomotive machine, eight 
tons, added to these, would make the whole 32 tons. Each 
of the short galleries might have four wheels ; but to lessen 
the friction, the two first wheels only should be grooved, the 
two last cylindrical, and three or four times as broad as the 
thickness of the rail. The conveyance of goods woold be 
effected by a train of small waggons loosely attached to each 
other. 

It will be observed from the table we have given above, 
that it would require seven horse power to impel a steam- 
boat weighing 15 tons at 12 miles, an hour. This gives a 
load of two tons so moved ; however, the engine, if a low 
pressure one, with waterand eight hours' coals, would weigh 
nearly 10 tons, and the vessel would weigh at least five ; so 
thai the whole power of the engine would be expended in 
impelling itself and the ship containing it, at the supposed 
rate, and no Jree power would remain for freight. Pacta 
show that the resistance is actually rather greater in 
water than theory in this case represents it. We have cal- 
culated from data furnished by the Parliamentary Report on 
steam navigation, that the entire burden on the engine in 
vessels going only eight or nine miles an hour in calm 
weather, rarely exceeds three tons for each horse power, 
while, according to the table, it should be five tons. Indeed, 
in our common steam-vessels for passengers, going eight or 
nine miles an hour, the ship and engine may be considered 
as constituting the whole burden. For 50 passengers, 
weighing perhaps with their luggage six or eight tons, placed 
on board a ship weighing, with her engine of 60 or 70 horse 
power, a hundred and fifty or hundred and eighty tons, form 
but an addition of one-twentieth or one thirtieth to the 
mass — a quantity of no importance in a practical point of 
view. If we convert the steam-engine power into real horse 
power, and figure to ourselves 100 horses employed to 
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draw 50 persous, we sec what an ennrmous waste of 
there is in the mode of conveyance. We may reniar 
thcr, that the tenor of the evidence given before the Pur- 
lianjentary Committee renders it extremely daubtful,whelhcr 
any vessel could be constructed, that would bear an engine 
capable of impelling her at the rate of two miles an hour, 
without the help of wind or tide. 

When the steam coach is brought fully into use, practice 
will teach us many things respecting it, of which theory 
leaves us ignorant. With the facilities of rapid motion 
which it will alford, however, we think we are not too san- 
guine, ii) expecting to see the present extreme rate of tra- 
velling doubled." 

This practicability of conveying individuals or merchan- 
dize at the speed required in the present improved state of 
our internal intercourse with the different (jarts of the king- 
dom, has created much doubt and discussion with many able 
and practical mechanics. The question seems to resolve 
itself thus, Do the friction incurred by any moving body, 
laying a^idc the resistance of the atmosphere, increase in 
proportion to its velocity ? 

Without going into any diffuse or theoretical argument nu 
I his pr^int, we shall merely cite that by the results of actual 
experiments instituted by Vince and Coulomb, it appears 
that frii'tion does not increase in proportiort to the velwity. 

liy experiments made also by Stephenson and Wood, 
it appears that the force required to keep a given weight in 
iHutinii does not vary with the velocity : thus, a force of 
Hlbs. was found to overcome friction, and keep in motion 
an empty coal waggon, weighing 23'25 cwt. on a rail-road ; 
and that on doubling the velocity, no more force was re- 
quired. Further also it appears, that on increasing Che 
weight, or load, the power required to overcome the fric- 
tion, and keep the waggon in motion, did not increase in si- 
milar proportion, but up to 7fr25 cwt. was about one-four- 
teenth less. 

Kotwithstanding the simple and satisfactoiy manner by 
which the experiments that led to these results were con- 
ducted, the fact has been still much doubted. W'e cannot 
therefore do better than to extract from the Manchester 
(luardian the following article, which contains an account 
iif experiments, with most conclusive results, made by that 
tible mechanic, Mr. Roberts of Manchester : — 

" The object of the papers on rail-roads which appeared 
in the Scotsman, was, m a great measure, to shew the prac- 
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ticability of tranaporling commodities upon rail-roiuis at f 
very couaiderable speed ; and (with some fallacies, whii^i j 
wc shall endeavour to point out) they contain a great ded:>^ 
of valuable information, on the relative merits of highwajni, I 
canals, and rail-roads. The principal point, however, and I 
the one to which we shall conhne our observations, is aaii 
enunciation of the laws which i-egulate the friction of roUiiw 1 
and sliding bodies, as deduced from the experiments of I 
Vinc;e and Coulomb. With a view to the illustration of ■' 
this part of the subject, some very important and conclu- 
sive experiments have recently been made in this town, to 
which we shall by and by have occasion to refer at some 
length ; but before doing so, we must make a few observa* J 
tions oo the rule laid down by the Scotsman, and the mis>- 1 
conceptions which appear to have prevailed respecting itf,H 
both in that journal and in other quarters. ' 

After comparing the resistance experienced by a boat 
moving through the water, with the friction which retards 
the progress of a waggon on a rail- road, and stating that 
they are governed by different laws, the Scotsman notices 
the conclusions established by the experiments of Vince and 
Coulomb ; the most important of which is, that tbe/rietion 
of rolling and sliding bodies is the same for all velocitiet. 
The writer then obsei-ves : — 

' It is with this last law only that we have to do at pi 
sent ; and it is remarkable that the extraordinaiy results to' 
which it leads, have been, as far as we know, entirely over- 
looked by writers on roads and railways. These I'csults, 
indeed, have an appearance so paradoxical, that they will 
shock the faith of practical men, though the principle from 
which they flow is admitted without question by all scienti- 
fic mechanicians. 

' First. It flows from this law, that (abstracting the re- 
sistance of the air,) if a car were set in motion on a level 
railway, with a constant force greater in any degree than 
is required to overcome its friction, the car would proceed 
with a motion continually accelerated, like a tiilling body 
acted upon by the force of gravitation ; and however smaU 
the original velocity might be, it would in time increase 
beyond any assignable limit. It is only the resistance of the 
air (increasing as the space of the velocity) that prevents this 
indefinite acceleration, and ultimately renders the motion 
uniform . 

' Secondly. Setting aside again, the resistance of the air 
(the effects of which wc shall estimate by and by,) the vci-y 




saituiaiiiiiuiit of constant invcc which impt'ln n onroii a rail- 
way at twd miles an hour, would impel it et ten or twenty 
miles an hour, if an extra force were employed at first f 
overcome the inertia of the ear, and generate the rcquireti 
velocity. Startling as this proposition may appear, it is ar, 
indisputable and necessary consequence of the laws of 
friction. 

' Now it would at all times be easy, as we shall afterwards 
show, to convert this accelerated motion into a uniform 
of any determinate velocity ; and from the nature of the re- 
sistance, a high velocity would cost almost aa little, and be 
OS readily obtained as a low one. For all velocities, there- 
fore, above four or five miles an hour, rail-ways will afford 
facilities for communication prodigiously superior to canals, 
or arms of the sea." 

Now we are perfectly satisfied, both by the experiments 
of Vinceand Coulomb, and those more recent and conclu- 
sive experiments, to which we have already alluded, that 
the rule laid down here is correct ; but the writer ought to 
have guarded against the misconception to which his last 
paragraph is liable. When he says that a high velocity 
would cost almost as little as a low one, he should have 
said that it would cost as little per mile, or as little over any 
given space ; for it cannot be his meaning, that a carriage 
can be kept moving for an honr, or for any given time, at a 
high velocity, with as little expenditure of power, as at a low 
velocity. Yet this he has been generally understood to 
mean, and a great deal has been written and said with a 
view to prove that he was mistaken ; when in fact he was 
only misunderstood. In a subsequent article, howev<!r, 
the author appears, in some degree, to have fallen into the 
same error into which he has led other persons. He says : 
' Every body knows that the rate of stage coach travel- 
ing in this country has increased within the last twenty-five 
years, from six or seven miles an hour to eight or nine, and 
this, too, before roads were M'Adamized, and with much 
less injury to the horses than was anticipated. Supposing 
that a coach-horse could run fourteen miles unloaded, with 
the same muscular exertion which carries forward the 
stage-coach at eight or nine miles, then professor Leslie's 
formula becomes 3-4ths (14 v)2. Each horse would, of 
course, draw with a force of 481bs. at six miles, and of 
271h8. at eight miles an hour. But if the friction increased 
in the ratio of the velocity, the load upon each horse would 
increase from 481b8. to 60lbs., when the speed increased 
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from six to eight mites an hour : and as the horse 
the Bamt; strength, would oiily pull with a force of 271h8.. 
he would thus have more than double work to do, which is 
plainly impossible. But admit that the fiiction is equal in 
equal times; then, since the time is dimiuished l-4th by 
increasing the speed from six to eight miles an hour, the 
horses have actually 4- 5ths less to do ; the load upon each is 
reduced from 481bs. to 36, and the horse would have to in- 
crease its exertion only l-3rd, that is, from 271bs. to 
The facts, we believe, will be found strictly consistent v 
this hypothesis, and decidedly at variance with the othar. 
However strange it may sound, then, to common observers,' 
it is practically true, that a smaller absolute amount of force 
will drag a coach over the same space in three hours than in 
four, and in one than in two.' 

This paragraph seems to us to contain a very obvious 
fallacy. If the speed be increased from six miles an hour to 
eight, the horses have by no means l'4th less work to do, 
supposing the friction a constant quantity, and rhe tiactiitu 
consequently the same. It is true that they exert this 
power for a shorter time, but it is over the same distance. 
Supposing the power of traction necessary to overcome the 
friction is lOOOIbs., then that power must be extended over 
every yard of the distuice, whether the carriage moves at 
six or eight miles an hour : and it is by the distance, not 
the time, that the power must be measured. That this 
must be the case, will be obvious if the experiment be put 
in another shape. Suppose a perfectly horizontal railway, 
a mile long, with a perpendicular descent of a mile at one 
end of it, as represented in fig. 652. 

Suppose a waggon placed on this railway at A, at- 
tached to a rope parsing over a pulley at B, and loaded at 
that point with a 'weight exactly sufficient to overcome the 
friction, then, if the resistance of the air is nothing, and 
the rope be without weight, it follows, fron. the rule laid 
down, that if the waggon is set in motion at any given 
speed, it will continue to move at that rate, until it reaches 
the point B and the weight falls to C. But whether the 
waggon passes over the railway in an hour or in three 
minutes, it is obvious that the same weight will descend 
through the same space, and that consequently, the same 
amount of power will be expended. It is, perhaps, neces- 
sary to observe here, that if the weight is only just suifi- 
jcieut to gKercomc the friction, there will (as is proved by 
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the experiments of Mr. Vince) be no accdc ration of moCiou 
on the principle of falling bodies. 

However, though a carriage cannot, as we think we 
have shewn, be moved ten miles in one hour, with a similar 
expenditure of power than in two, it is veiy interesting to 
know that it can be moved with the same expenditure, 
(excepting the resistance of the air.) In many cases dis- 
patch is of so much consequence, that the elucidation and 
application of this rule will probably lead to very im|}ortant 
results. Many persons, however, are very sceptical on this 
anbjec^t, and contend that the experiments of Viuce and 
Coulomb do not authorise any such coiiclusions as have 
been drawn from them. It has been asked, if the same 
constant force wilt move a carriage as well at a high as at a 
low velocity, why we do not see something like this in prac- 
tice; why a carriage moved by a steam-engine instead of 
acquiring, as it proceeds, a high degree of velocity, moves 
on at one uniform rate after it has overcome the vis inertia; 
at the commencement of its journey ? We think the rea- 
son is very obvious. A locomotive steam-engine does not 
exert the same constant force on the peripheries of the 
wheels of the carriage, when it moves at different veloci- 
ties. . For instance, suppose the piston of an engine to move 
220 feet in a minute, and to impel the peripheries of the 
travelling wheels at a velocity of two miles, and with a 
force just sufficient to overcome the friction, how can the 
speed be augmented without increasing the power of the 
engine? If the diameter of the wheels be increased with 
the view of increasing the speed, the force with which they 
are impelled vrili be diminished in the same proportion ; 
and the engine will stop, unless the pressure is increased. 
To increase that, of course, will be to augment the power. 
As it is obvious, therefore, that a steam-engine cannot ex- 
ert the same force at diiTerent velocities, some other means 
must be devised for putting to the test of experiment the 
rule laid down in the Scotsman. 

We now come to the most important and interesting 
part of this article. As noiieof the experiments of Vince or 
Coulomb {so far as we have seen or heard them detailed) 
were made with bodies resembling railway waggons, 
either in form, or in the nature of their motion, the cor- 
rectness of the conclusions deduced from them with respect 
to such carriages, was doubted by many persons of consi- 
derable scientilic attainments. It became desirable, there- 
fore, that other exi^riments should be tried, with carriages 
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upon railways, which, of course, would be mnch more 
satisfactory. This, however, it did not, at first sight, ap- 
pear veiy easy to accomplish in a satisfactory manner : but 
Mr. Roberts, of this town, recently devised a mode of de- 
termining the point, which appears to us wholly unobjec- 
tionable, and which exhibits, in a high degree, the simpli- 
city and facility of execution, by which that gentleman's 
inventions are so eminently distinguished. It was very 
difficult to devise means for measuring a<;curately the fric- 
tion of a carriage moving over a railway; but it occurred 
to Mr. Roberts, that the difficulty would be obviated if tlic 
railway were made to move under the carriage. When this 
idea once presented itself, it was easy to reduce it to prac- 
tice. Mr. Roberts therefore constructed an apparatus, of 
which fig. 654 will give a pretty correct notion. 

A i» A small wng'e'on wit]> four cait iron wheDls, placed un the peri< 
phery uf acast iron unmi B, three feet in diameter, Hndsix inches broad, 
(which acts as the rail-road.) This drum is famened on the same shaft as 
the pullej C, nliich is driven at different speedE hy a strap from another 
pulley. The wagg'on i« attached by a wire tu one of Marriut's patent 
weig-hing machines D, for the purpose of measuring' the friction, and the 
hoard G, preventB the carrent nf air, ui^casioucd by the motion of the 
inuo, from acting- upon the carriage. Now if the drum be drifcn with 
any given velocity, Eay four mi lea an huufi in the direction indicated by 
the iriarh E, nnd the waggon held in ita place by the •rire which attaches 
it tu the index, itisperlectly obvious that the wheels will revolve on the 
drum in precisely the same manner aa if the wagsfon moved forward on a 
horizontal rond ; and the friction will also be the same, except, perhaps, a 
small addition occasioned by the curvature of the drum, but which will 
not affect the re/oitue frictions of different speeds. As the wag-gonis «ta- 
*■ — ry, the resistance of the air will be entu^ly got rid of ; and the index 
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ry to keep the centre of the waggon exactly oner the axis of the 
drum ; for if it were pertnitted to go beyond the centre, a part of die 
weight would be added to the friction , if, on the contrary, it was brought 
nearer the indei, a part of the wei^t would act against the friction, and 
diminish the apparent quantity. The tempering screw F, is therefore 
added to keep the waggon in its proper situation, in whatever way the 
spring- of the weighing machine may be acted upon by the friction. 

This simple apparatus having been constructed, a number uf experi- 
ments were made, chiefly with a view to determine whether the friction 
were the same at different velocities. The wugg-on was loaded with fifty 
pounds, (including its own weight) and the drum was driven at different 
velooities, varying from two to twenty-four miles an hour on the periplie- 
ry : but in every case, the friction, na indirated by rhe weighing mnchioe, 
was precisely the same. No increase of sliced affected the index at all, 
' t un iutreasing the weight, it iniriiediately shewed a corresponding in- 
case of friction. 

We consider these experiments m- pcifictly cuncluaive 



of the fact, that the friction on a railway is the same for all 
velocities ; and that a carriage may be propelled twenty miles 
in one hour, with the same amount of force which would 
be necessaiy to drive it twenty miles in ten hours, provided 
the resistance of the atmosphere was out of the question : 
and, if the carriage was properly constructed, that would 
not amount to much. In other words, goods may be con- 
veyed from Manchester to Liverpool, on a rail-road, with 
iwry nearly the same expenditure of steam, whether they are 
carried two miles, or four miles, or twenty miles an hour. A 
steam engine, which will propel twenty tons at four miles 
an hour, will, with the same expense of coats, propel ten 
tons at eight miles an hour ; so that, with the smaller load, 
it might make a journey to Liverpool and back, in the same 
time which would be occupied in goi^lg thither with the 
lai^er load Or, to put the matter in another shape : sup- 
pose a four-horse engine will convey forty tons to Liverpool 
in eight hours, an eight horse engine will convey the same 
weight thither in four hours. There will be the same ex- 
penditure of steam in both cases, but, in the latter, a 
saving of half the time ; a saving which, we need not add, 
will frequently be of immense importance." 

These practical results are very satisfactory, as toe hopf 
of propelling carriages at a suitable speed, for the more ra- 
pid dispatch of business, and conveyance of passengers, is 
thereby placed almost beyonu ^ doubt. 

We ought to notice here, the striking difference in the 
force requisite to give rapid motion on a rail-road to that on 
a canal or navigable river. These latter are governed by a 
totally different law, as the resistance, or head of water on 
the bows of the boat, increase as the squares of its velocity ; 
consequently it will I'cquire four times the power to double 
the speed. But, on the other hand, it must be admitted, 
that m all speeds under three miles per hour, the cana has 
a decided advantage, as the force increases as the speed di- 
minishes. 

With respect to the horse, it is well known, that his 
power decreases as his speed increases ; and that when be is 
travelling at his greatest speed, which, with a weight, sel- 
dom exceeds 13 miles per hour, he is able to exert little or 
no strength. We, therefore, take it for granted, that in the 
present improved state of our manufactures, artificial pow- 
er of some description must be resorted to, and whatever 
experience may prove to be the most economical, the ap- 
pliciition of that power is the most important part of the 



; MECHANIC 

subject now finder consideration. On this point, the data 
with which we are furnished is so very limited, as scarcely 
to render it possible to form any decisive opinion. 

The engines which have been some time at work at Mr. 
Brandley'a collieries, near Leeds, have a cogged wheel, 
playing in a rack, which is laid as one of the rails of the 
road ; and those at Hetton colliery are much on the same 
principle. This plan is objectionable, because the whole 
weight of the engine, which, on the most improved con- 
struction, is not less than eight tons, is on the wheel, so 
that any obstacle on the rail, must of necessity shake the 
whole machinery. To obviate this, Mr. Gordon has con- 
trived, and taken out a patent for a locomotive carriage with 
the engine on springs, which imparts the motion without 
any connexion with the wheels or axle-tree, and there arc 
various other plans in progress for the same object. But let 
this he effected as it may, the great weight of the engine, 
which is by far the greatest objection, is not obviated. And, 
indeed, this appears to us only possible to be accomplished, by 
either diminishing the weight of the engine, as proposed by 
the application of Mr. Brown's pneumatic, or vacuum en- 
gine, or taking the engine entirely from the carriage, and 
employing stationary engines, at suitable distances, to tow 
or draw the carriages in regular succession. This last mode 
has been applied t« practice in the vicinity of Newcastle, 
by Mr. Thompson ; and the results may be seen in some 
very able observations aimexed to the specification of his 
patent, and inserted in the Repertory of Arts, for March, 
1822. 

His method consists in dividing the line of Rail- road into 
any number of stages, at suitable distances apart. At the 
end of each stage an engine is erected for the purpose of 
drawing the carriages from the next stage, or engine, on 
either side, towards itself. This is effected by means of 
ropes, which, previously to commencing operation, are 
taken from each respective engine to the engine immediately 
before it by horses; hut after the work has commenced, by 
being hooked at the end of the advancing or returning 
carri^es. 

In forming lines of rail- road upon this system, that is, where 
stationary engines are to be employed, it is not necessary 
that they incline in the direction of the loads, or be made 
perfectly level. For in engines of this description there is 
no occasion to pay that particular attention to the weight of 
the boiler and appurtenances, as is the case in engines 
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which have a locomotive principle. Indeed trifling inequali- 
ties of surface, which would be a material objection in the 
application of locomotive carriages, are, in the lines of rot 
where stationary engines are employed, quite unheeded. 

As many roads are traversed by night as well as by day, 
it becomes necessary that a signal should be given from one 
engine to the other as soon as the carriages have arrived and 
are hooked to its respective ropes, that the engine tender 
may not be at a loss when to throw his machinery into 
geer. For this purpose, Mr. Thompson recommends that 
the door of the fire-place of the boiler, or other strong light, 
be placed towards the engines on each side, so that, by 
opening it on that side which faces the engine, to whose 
ropes the carriages just arrived have been attached, the en- 
gineer may adopt such measures as will effect the desired 
purpose. 

It is true, locomotive engines were not at that period so 
well understood as at present ; but it appears to us that this 
point still remains in a very undecided state, and that from 
the even now limited experience in propelling carriages on 
railways, at a speed any thing like that of common 
carriages, it is very diliicult to hazard an opinion. Prom 
the data, however, that can be collected, we certainly in- 
cline tp stationary engines, as the most mechanical and 
economical application of the requisite power. 

As to the degree of danger which travellers may be ex- 
posed to by locomotive engines, it cannot, under a 
proper management, exceed that of a steam-boat, or a 
factory, where power is operating. It is true, that as the 
weight of the engine is of great consideration, condensing 
engines (if steam be the force employed,) are quite inappli- 
cable, and what are generally called high pressures must be 
introduced. But though all engines which do not condense 
their steam, and act only by the pressure, or elastic force, 
are called high pressure engines, there is no necessity what- 
ever to go to dangerous heats, and with either wrought- 
iron or copper boilers and valves, placed out of the reach 
of the operative engineer, or engine tender, may certainly 
be worked at 45 or 531bs. pressure, with as much safety as 
at 20lbs. in condensing engines. Indeed, on investigating 
the cause of steam explosions, they will be found to have 
rarely occurred but from the grossest ignorance and neglect. 

Such of our readers who are desirous to have farther in- 
formation on this interesting subject, we must refci to a 
very able report on rail-roads, by Mr. Charles Sylvester, 
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to the paper alluded to by Mr. Thompson, Id the Repcrtoiy 
of Arts, for JVlarch, 1822, to a work which will shortly 
issue from the Press, by Mr. N. Wood of the Killingworth 
Colliery, of whose experiments, in conjunction with Mr. 
Sylvester, we have already had occasion to speak, and to 
Observations on a General Iron Railway, by Mr, Gray. 
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GEOMETRY. 

) that branch of mathematics ivbich treats of the de- 
•criptioD and properties of magnitudes iu general. 

Definitions or Explanation of Terms. 

1. A point has neither length, breadth, nor thickness. Prom this 
defiaition it may easilv be understood that a mathematical point can- 
not be aeen nor felt ; it can only be imagined. What ia commonly 
called a point, as a small dot made with a pencil or pen, or the point 
of a needle, is not in reality a mathematical point -, for however small 
such a dot [nay be, yet if it be examined with a magnifying glassj it 
ivill be found to be an irregular spot, of a very seasible length and 
breadth -, and our not being able to measure its dimensions with 
the naked eye, arises only fiom its smallness. The same reasoning 
may be applied to every thing that is usually called a point ; even 
the point ot the finest needle appears like that of a poker when ex- 
amined with the microscope. ^^ 

2. A line is length, wiihout breadth or thickness. What was said 
above of a point, is also applicable to the definition of a line. What 
is drawn upon paper with a pencil or pen, is not in fact a line, but 
the representation of a Hoe. For however fine you may make these 
representations, they wilt still have some breadth. Bnt by the 
definition, a line has no breadth whatever, yet it is impossible to 
draw any thing so tine as to have no breadth. A line therefore, can 
only be imagined. The ends of a line are points. 

3. A right line is what is commonly called a ilraight line, or that 
tends every where the same way. 

4. A curve ia a line which continoaily changes its direction between 
its extreme points. 

5. Parallel lines are such as always heep at the same distance 
from each other, and which, if prolonged ever ho farj would never 
meet. Fig. 1, 

6. An angle is the inclination or opening of two lines meeting in 
a point, Fig. 2. 

;. The lines AB, and BC, which form the angle, are called the 
legs or sides ; and the point B where they meet, is called tlie vertex 
of the angle, or the angular point. An angle is sometimea express' 
ed by a letter placed at the vertex, as the angle B, Fig. 2 ; but most 
commonly by three letters, observing to place in the middle the letter 
at the vertex, and the other two at the end of each leg, as the 
angle ABC. 

ax 
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8. When one line cUndt opoo another, m as not to kaa MOf* to 
one tide ihaD tA another, both tLe aogles wliidi il makes with the 
oiherarcadled right angles, a a the aogln ABC aad ABD, f^.3, 
and all rigbt-angl^ are equal to each other, being all equal ta 90*; 
and the line AB ia said to be perpeadiatlar t« CD. 

Beginaera &re very apt to confoBod the terms perpendiatloT, and 
plumb <it vertical lias. A line U vertical when it is at right-angles 
to the plane of the horizon, or levet surface of the earth, or to the 
■urface of water, which is always level. The sides of a bonse are 
vertical. But a line may be perpendicular to another, whether it 
Rlandi upright or indineH to the ground, or even if it lies Sat npon 
it, provided only that it makes the two angles formed by meeting 
with the other line equal to ench other ; as for instance, if the angles 
ABC end ABD be equal, thelineAB is perpeadicnlai to CD, what- 
ever may be its position in other respects. 

0, When one line, BE {Fig. 3.) stands upon another, CD, so a« 
to incline, the angle EBC, which is greater than a right-angfe, is 
called an obtuse angle ; and that which is less than a right<angle, is 
ealled an atutt angle, as the angle EBD. 

10. Two angles which hare one leg in common, as the angles 
ABC, and ABE, arc called contiguous angles, or adjoining angles ; 
those which are produced by the crossini; of two lines, as the angles 
EDD and CBF, formed by CD and £F, crossiog each other, are 
called opposite or vertical angles. 

1 1. A. figure is a bounded space, and is cither a surface or a solid. 

12. A superficies, or surface, has length and breadth only. The 
eitrcmities of a superhcies are Hues, 

13. \ plane, or plane surface, is that which is every where per- 
fectly Rat and even, or which will touch every part of a straight line, 
in whatever direction it may be laid upon it. The top of a marble 
slab, for instance, is an example of this, which a strait edge wiU I 
touch in every point, so that you cannot see light any where between. | 

14. A curved surface is that which will not coincide with a straight 
lino in any part. Curved surfaces may be either convex or concave. 

10. A convcrx surface is when the surface rises up in the middle, 
as, for instance, a part of the outside of a globe. 

)(i. A concave surface is when it sinks in the middle, or is hollow, 
and is the contrary to convex. 

A surface may be bounded L'ither by straight lines, curved lines, at I 
both these. 

17, Every surface, bounded by straight lines only, is called t 
polygon. If the sides are all equal, it is called a regular polygon. If 
they are unequal, it is called an irregular polygon. Every polygnu, 
whether equal or unequal, has the same numt>er of sides as angles, 
and ihey are denominated sometimes according to the nnmber of 
sides, and sometimes from the nnmber of angles they contain. Titos a 
figure of three sides is called a triangle, and a figure of four aides II 
quadrangle. 

A penlagan is a polygon of five sides.. 
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k hexagon has six sides, 

tk heptagon seven sides. 

■itt octagon eight sides. 
JL nonagon nine sides. 
■ A decagon ten sides. 
t An undeeagon eleven sides. 

A duodecagon twelve sides. 

When they have a greater ni 
polygons of 13 sidee, of 14 sid 

Tnanglcsareofdiffereatlcinds, according to thelengthsor their sides. 

18. An equilaleral triangle has all its sides equal, as ABC, Fig. 4. 

19. An isoiceles triangie has two equal xides, as DEF, Fig. a. 

20. A scalene triangle has all its sides unequal, as GHI, Fig. G. 
Triangles are also denominated according to the angles they contain. 

21. A right-angled triangle is one that has in it a right angle, as 
ABC, Fig. 7. 

22. A triangle cannot have more tha 
opposite to the right-angle B, as AC, 
is always the longest aide. 

23. An obtuse-angled triangle has tine 
. An acute-angled triangle has all il 



mber of sides, it is usual to Call them 



1 one right-angle. The s 
s called the hypolhenuse, i 



8 Fig. 8. 
sHg.4. 



! triangle, may be either right- 



25. An isosceles, i 
angled, obtuse, or acnte. 

26. Any side of a triangle is said to subtend the angle opposite to 
it : thus AB (F^. 7J, subtends the angle ACB, 

27. If the side of a triangle be drawn oot beyond the figure, as 
ADCFig. 8), the angle A, or CAB, is called an internal angle, aild 
(he angle CAD, or that without the figure, an eKema/ angle. 

28. A quadrangle is also called a <}uadrilaleral figure. They are 
of various denominations, as their sides are equal or unequal, or as all 
their angles are right-angles or not. 

29. Every four-sided figure whose opposite sides are parallel, is 
called a parallelogram. Provided that llje sides opposite to each 
otherbe parallel, it ia immaterial whether the angles are right or 
not. Fig. 9, 10, 1 1, and 12, are all parallelograms. 

30. When the angles of a parallelograni are all right-angles, it il 
called a rectangular parallelogram or a rectangle, as Fig. 1 1 and 12. 

3 1 . A rectangle may have all its sides equal, or only the opposite 
sides equal. When all its sides are equal, it is called a square, at 
Fig. 12. 

32. When the opposite sides are parallel, and all the sides equal 
to each other, but the angles not right-angles, the parallelogram is 
called a rhombus, as Fig. 10. 

33. A parallelogram having all its angles oblique, and only its 
opposite equal, is called a rhomboid, as F^g. 9. 

34. When a quadrilateral or four-sided figure has none of its sides 
parallel, it is called a trapezium, as Fig. 13 ; consequently every 
quadrangle, or qnadrilateral which is not a parallelogram, is a tra- 
pezium, 

2x2 
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35. A Irapexoid has only one pair of its sides parallel, bs Hg. 14. 



36. A diagonal is a right lio 



1 between any two angles that j 



K, Fig, 15. In parallelograms the 
diagonal is sometimes called the diameter, because it passes through 
the centre of the figure. 

37. Comptements of a parallelogram. If any point, aa E (Fig. 
]5y, be taken in the diagonal of a parallelogram, and through that ^ 
point two lines are drawn parallel to the sides, as AB, CD, it will I 
be divided into four parallelogrfims, DD, L, F, GR. The two divi- 
sioDB, L, F, through which the diameter docs not pass, are calledj 
the complements. 

38. Base of a figure is the side on which it is supposed to standi 
erect, as AB, and CD, Fig. 16. 

39. AUUttde of a figure is its perpendicular height from the has 
to the highest part, as EF, Fig. 16. 

40. Area of a plane tignre, or olher surface, means the quantity ^1 
space contained within its boundaries, expressed in square feet, X 

' yards, or any other superficial measure, 

41. Similar figures are such as have the same angles, and wh« 
sides are in the same proportion, as Ftg. \7. 

42. Ei/iiaJ figures are such as have the same area or contents. 

43. A circle is a plane figure, bounded by a curve line returning 
into itself, called its circumference, ABCD CFig. 18J, every where 
equally distant from a point E within the circle, which is called the 

44. The radius of a circle is a Straight line drawn from the centre 
to the circumference, aa EF ^Fig, i8J. The radius is the opening 

' of the compass when a circle is described j and consequently all the 
radii of a circle must be equal to each olher. 

45. A diameter of a circle is a straight line drawn from one side 
of the circumference to the other through the centre, as CB fFig. 18J. 
Every diameter divides the circle into (wo equal parts. 

46. A segment of a circle is a part of a ' ' "" 
line drawn across it. This straight line if 
ment may be either equal to, greater 
which is a segment formed by the dial 
and is equal to half the circle. 

4/. A tangent is a straight line, draw 
without cutting it, as GH (Fig. 18), The point A, where it touches 
the circle, is caJled the point of contact. And a tangent cannot tonck 
a circle in more points than one. 

48. A sector of a circle is a apace comprehended between two radii ■ 
and an arc, as BIK (Fig. 19). ] 

49. The circumference of every circle, whether great or small, is ' 
iupposed to be divided into 360 equal partit, called degrees ; and 
every degree into 60 parts, called minutes j and every minute into 
60 seconds. To measure the inclination of tinea to each other, or 
angles, a circle is descril>ed round the angular point, as a centre, as 
IK, Fig. 19 i and according to t^e number of degrees, minutes, and 



a circle cut off by a Straight 

s called the chord. A seg- 

r less than a semi-circle, 

er of the circle, as CEB, 

is just to touch s 



nmutes, and ^H 
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Bcconds, cnt off by the sides of the angle, so many degrees, minutes, 
and seconds, it is said to contaia. Degrees are marked by °, miDnlea 
by ', and seconds by ' ; Ihns an angle of ^8 def-rees, 15 minutes, and 
7 seconds, is written in this manner.48'' 15' 7". 

50. A solid is auy body that has length, breadth, and thickness : 
a lH>ok, for instance, is solid, so is a sheet of paper ; for though its 
thickness is very small, yet it has some thickness. The boundaries 
of a solid are surfaces. 

51. Similar solids are such as are bounded by sn equal number of 
similar planes. 

52. A prism is a solid, of which the sides are parallelograms, and 
the two ends or bases are similar polygons, parallel to each other. 
Prisms arc denominated according to tlie nnmber of angles in the 
hvse, triangular -pnims, quadrangular, heptangJilar, and so on, as 
Fig. 20, 21, 22, 23. If the sides are perpendicular to the plane of 
the base, it is called an vpright prism ; if they are inclined, it is 
called an oHiijue prism. 

53. When the base of a prism is a parallelogram, it is called a 
paTallelopipedan, as Fig. 22 and 23. Hence, a parallelopipedon is a 
solid, terminated by six parallelograms. 

54. When all the sides of a parallelopipedon are squares, the solid 
is called a cube, as Fig. 23. 

55. A rhomboid is an oblique prism, whose bases are parallelo- 
grams. {Fig.2^.) 

56. hpyramidAR (Fig. 25 and 26) is a solid, bonoded by, or 
contained within, a number of planes, whose base may be any poly- 
gon, and whose faces are triangles terminated in one point, B, com- 
monly called the summit, or vertex of the pyramid. 

57. When the figure of the base is a triangle, it is called a trian- 
gular pyramid ,- when the figure of the base is a quadrilateral, it is 
called a quadrilateral pyramid, &C. 

58. A pyramid is either regular or irregular, according as the base 
is regular or irregular. 

59- A pyramid is also right or upright, or it is oblique. It is 
right, when a line drawn from the rertex to the centre of the baset 
is perpendicular to it, as Fig. 25 ; and oblique, when this line inclines, 
as Fig. 26. 

60. A cylinder is a solid {Fig. 27 and 28) generated or formed by 
the rotation of a rectangle about one of its sides, supposed to be at 
rest ; this quiescent side is called the ajis of the cylinder. Or it may 
be conceived to be generated by the motion of a circle, in a direction 
perpendicular to its surface, and always parallel to itself. 

61. A cylinder is either right or oblique, as the axis is perpendicu- 
lar to the base or inclined. 

62. Every jec/ion of a right cylinder taken at right-angles to its 
axis, isa circ/e; and every section taken across the cylinder, but 
oblique to the axis, is an tllipsis. 

63. A drcte being a polygon of an infinite number of sides, tt fol- 
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88. Themeasure mquanlUi/ al a ratio, U conceived by consideriDg 
what part of the consequent is the antecedent j consequently, it is 
obtained by dividing the consequent by the antecedent, 

89. Three magnitodes or quantities. A, B, C, are said to be pro- 
portional, when the rntio of the first to the second is the same as 
that of the second to the third. Thns, 2, 4, 8, are proportional, be- 
cause 4 is contained in 8 as many times as 2 is in 4. 

90. Four quantities. A, B, 0, D, are said to be proportional, when 
the ratio of the first. A, to the second, B, is the same as the ratio of 
the third, C, to the fonrth, O. It is usually written, A : B : : C 
or, if expressed in numbers, 2 : 4 : : S : 1 6. 

91> Of tAree proportional quantities, the middle one is said to be a 
meat! proportional between the other two ; and the last a third pro- 
portionai to the hrst and second. 

92. Of ybur proportional quantities, the last is said to be 9. fourth 
proportional to the other three, taken in order. 

93. Ratio of equality is that which equal nombers bear to each 

94. Inverse ratio ia when the antecedent is made the conseqaent, 
and the consequent the antecedent. Thns, if 1 : 2 :: 3 : € j then^' 
inversely,2 : 1 ;: 6 : 3. 

95. Alternate proportion is when the antecedent is compared with 
antecedent, and consequent with consequent. Thus, if 2 : 1 :: 6 : 3 ; 
then, \iy alternation, 2 : 6 :: 1 : 3. 

9(3. Proportion by composition is when the antecedent and conse- 
quent, taken as one quantity, are compared either with the conse- 
quent or with the antecedent. Thus, if 2 : 1 :; 6 r 3 ; then, by 
composition, 2+1 : I ;: t) + 3 : 3, and 2 + 1 : 2 ;: 6 + 3 : 6. 

97- Divided proportion is when the difference of the antecedent and 
conseqnent is compared either with the consequent or with the ante- 
cedent. Thus, if 3 : 1 :: 12: 4; then, by division, 3—1 : 1 :: 12 — 
4 : 4, and 3—1 : 3:: 12—4: 12. 

98. Continued proportion is when the first is to the second as the 
second to the third j as the third to the fonrth j as the fourth to the 

fifth ; and SO OU. 

99. Compound ratio is formed by the multiplication of several an- 
tecedents and the several consequents of ratios together, in the fuU 

If A be to B as 3 to 5, B to C as 5 to 8, and C to D as 8 to fi ; 

then A wiU be D, as l^l^l =^=i i that is, A : D :: 1 : 2. 
' 5x8x6 240 

100. Bisect, means to divide any thing into two equal parts. 

101. Trisect, is to divide any thing into three equal parts. 

102. Inscribe, to draw one figure within another, so that all the 
angles of the inner figure touch either the angles, sides, or planes of 
the external figure. 

103. Circumscrihe, to draw a figure round another, so that either 
the angles, sides, or planes of the circumscribed figure, touch all the 
angles of the figure within it. 
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104. Rectangle under any two lines, means a rectangle which has 
two of !ts sides equal to one of the lines, and two of Ihem equal to the 
other. AUo, the rectangle under AB, CD, means AB x CD. 

106. Scales of equal parts. A scale of equal parts is only a straight 
line, divided into any number of equal parts, at pleasure. Each part 
may represent any measure you please, as an inch, a foot, a yard, 
fic. Oue of these is generally subdivided into parts of the nest deno- 
mination, or into tenths or hundredths. Scales may be constructed in 
a variety of ways. The most usual manner is, to make an inch, or 
some aliquot part of an inch, to represent a foot ; and then they are 
called inch scales, three-quarter inch scales, half-inch scales, quarter- 
inch scales, &c. Tliey are usually drawn upon ivory or boK-wood. 

106. An axiom is a manifest trnlh, not requiring any demons trail on. 

107. Postulates are things required to be granted true, before we 
proceed to demonstrate a proposition. 

108. ApToposilioR is when something iseither proposed to be done, 
or to be demonstrated, and is either a problem or a theorem . 

109. A problem is^wheu something is proposed to be done, as some 
figure to be drawn. 

1 10. A theorem is wten something is proposed to be demonstated 
or proved. , 

1 1 1. A lemma is when a premise is demonstrated, in order to rea- 
der the thing in hand the more easy. 

il2. A corollary is an inference drawn Irom the demonstration of 
some proposition, 

1 1 (J. A Scholium is when some remark or observation is made upon 
something mentioned before. 

IH, The sign =: denoles ihat the quantities betwixt which it 
stands, are equal, 

115. The sign -f denoles that the quantity after it, is to be added 
to that immediately before it. 

1 1 6, The sign — denotes, that the quantity after it is to be taken 
away or subtracted from the quantity preceding it. 

Cfomelrical Problems. , 

Prol. 1. To divide a given line AB into two equal parts. 

From the points A and B, as centres, and with any opening of the 
compasses greater than half AB, describe arches, cutting each other* 
in c and d. Draw the line cd ; and the point E, where it cuts AB, 
will be the middle required. 

Prob. 2. To raise a perpendicular to a given line A B, from a 
point given at C, 

Case I. When tne given point is near the middle of the line, on 
each side of the point C. Talte any two equal distances, C d and 
C e ; from d and e, with any radius or opening of the compasses 
greater than C d or C e, describe two arcs catting each other in f. 
Lastly, through the points f, C, draw the line f C, and it wiL be 
the perpendicular required . 
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Case 2. When the point is at, or near the end of tha lia«, Taka| 
UT point d. abore the line, and with the radius or distance d C, i 
■critic the arc e C f. catting AB in e and C. Throogb the centre d, s 
the point e, draw the lioe e d f, cutting the arc e C f in f. Throngb tha I 
poiatH f C, draw the line fC, and it nill be the perpendicular required. I 

Proi. 3. From a giveo point f, to let fall a perpendicular upon »'1 
giveu lioe AB. I 

From the point f, with any radius, deseribe the arc d e, cntting AB I 
in e and d. From the poinIB c d, with the same or any other radiiUi I 
describe two arcs, cutting each other in g. Through the points ( I 
and g, draw the line (g, and f C wiD be the perpendicular required. 

Prob. 4. To make an angle equal to another angle which is giveO) 
luaDb. 

Prom the point fi, with any radius, describe the arc ab, cutting 
the legs B B, B b, in the points a and b. Draw the line D e. and 
from the point D, with the aaine radios as before, describe the-arc e f, 
cutting D e in e. Take the distance B a, and apply it to the arc e f, 
from e to I. Lastly, through the points D, f, draw the line D f, and 
the angle e D f will be equal to the angle b B a, as was required. 

Proi. 5. To divide a given angle, ABC, into two equal angles. 

From the point B, with any radius, describe the arc AC. From A 
and C, with tlte same, or any other radius, describe arcs cutting each 
in d. Draw the tine B d, and it will bisect the angle ABC, as was 

Prob. 6. To lay down an angle oE any number of degrees. 

There are various methods of doing this. One is by the nse of an 
instrument called a protractor, with a semicircleof brass, having its cir« 
cumference divided into degrees. Let AB be a given line, and let it 
be required to draw from the angular point A, a line making, with 
AB, any number of degrees, suppose 20. Lay the straight side of 
the protractor aloug the line AB, and count 20° from the end B of 
the semicircle ; at C, which is 20° from B, mark ; then, removing 
the protractor, draw the line AC, which makes, with AB, the 
angle required. Or, it may be done by a divided line, usually drawn 
upon scales, called a line of chordi. Take 60° from the line of 
chords, in the compasses, and setting one at the angular point B, 
Prob. 4, with that opening as a radius, describe an arch, as a b : then 
take the number of degrees of which you intend the angle to be, and 
«et it from b to a, then Is a B b the angle required. 

Prob. 7. Through a given point C, to draw a line parallel to » 
gtven line AB. 

Case i. Take any point d, in AB ; upon d and C, with the distance 
Cd, describe two arcs, eC, and d f, cutting the line AB ine and d, 
Muke d f equal to e C j through and f draw C f, and it will be 
the line required. 

Case 2, When the parallel is to be at a given distance from AB. 
From any two points, c and d, in the line AB, with a radius equal to 
tte given distance, describe the arcs e and f: draw the tine CD to 
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touch thoie arcs withoat eatting them, and it will be par^lel to AB, 
as was required. 

Prob, 8. To divide a given line AB, mto aoy projiosed number of 
equal parts. 

From A, one end of tbe line, draw A c, maliiiig any angle with 
AB ; and from B, the other end, draw B d, making (lie »Dgle A B d 
equal to B Ac. In each of these lines, Ac, Bd, beginningat A and 
B, fict ofT as many equal parts, of any length, as AB is to be divided 
into. Join the points G 5, 4G, 57i and AB will be divided as re- 
quired. 

Prob. 9. To find the centre of a given circle, or of any one already 
described. Draw any chord AB, and bisect it with Iha perpendicu- 
lar CD. Bisect CD with the diameter EF, and the interaeclien O 
will be the centre required. 

Prob. 10. To draw a tangent to a given circle that shall pass 
through a given point, A. 

From the centre O, draw the radius OA, Through the point A, 
draw DE perpendicular to OA, and it will be the tangent required. 

Prob. 1 1. To draw a tangent to a circle, or any segment of a circle 
ABC, through a. given point B, without maldug use of the centre of 
the circle. 

Take any two equal divisions upon the circle, from the given point 
B, towards d and e, and draw tbe chord e B. Upon B, hb a centre, 
with tbe distance B d, describe the arc fdg, cutting the chord eB 
in f. Maliedg eqoaltodf ; through g draw gB, and it will be the 
tangent required. 

Prob. 12. Given three points. A, B, C, not in a straight line, to 
describe a circle that ehall pass through theui. 

Bisect the tines AB, BC. by the perpend icniars a b, b <I, meeting 
at d. Upon d, with the distance d A) d B, or d C, describe ABC, 
and it will be the required circle. 

Prob. 13. To describe the segment of a circle to any length AB, 
and height CD. 

Bisect AB by the perpendicular D g, cutting AB in c. From c 
make c D, on the perpendicular, equal to CD. Draw AD, and bisect 
it by a perpendicular e f, cutting D g in g. Upon g the centre, de- 
scribe ADB, and it will be the required segment. 

Prob. 14. To describe the segment of a circle by means of two 
rules, to any length AB, and perpendicular height CD in the middle 
of AB, without making use of tbe centre. 

Place the rnlea to the height at C ; bring tbe edges close to A and 
B ; fix them together at C, and put another piece across them to 
keep them fast. Put in pins at A and B, then move tbe rulers round 
these pins, holding a pencil at tbe angular point G, which will de- 
scribe the segment. 

Prob, 15. in any given triangle to inscribe a circle. 
Bisect any two angles A and C, with the lines AD and DB. Prom 
D, the point of intersection, let fall the perpendicular DE ; it will be 
the radius of the circle required. 
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Pro*. 16, Id • ^ven square, to describe a regular ocUgon. 

Draw the diagonals AC and BD, intersecting at e. Upoo the 
po'mtg A, B, C, D, as centres, with a raiilus e C, describe the arcs 
h e I, ken, meg, f e i. Join f n, m b, k i, I g, and it will be the 

re<iiiired octagon, 

Prob, 17- In a given circle, to describe any regular polygon. 

Divide the circnmferencc into as many parts as there are sides in 
the polygon to be drawn, and Join the points of division. 

Prob. IS. Upon a given line AB, to constnict an equilateral tri- 

Upon ihe points A and B, with a radios equal to AB, describe 
arches cutting each other at C. Draw AC and BC, and ABC will 
be the triangle veqnired. 

Prob. 19- To make a triangle, whose sides shall be equal to three 
given lines D, E, F, any two of them being greater than the third. 

Draw AB equal to ihe line D. Upon A, with the radius F, de- 
scribe an arc CD. Upon B, with the radinsE, describe another arc 
intersecting the former at C- Draw AC and CB, and ABC will be 
the triangle required. 

pTob. 30. To make a trapezinm eqdal and similar to agiven tra- 
pezium ABCD. 

Diride the given trapezium ABCD into two triangles, by the dia- 
gonal DB. Make EP equal to AB ; upon EF construct tlie triangle 
EFH, whose sides shall be respectively equal to those of the triangle 
ABD, by the last problem, Upon HF, which is equal to DB, ccn- 
stmct the triangle HFG, whose sides are respectively equal to DBC ; J 
then EFGH will be the trapezium required. ■ 

By the help of this problem, any plan may be copied ; as everj^ 
ligure, however irregular, may be divided into triangles. Upon this ' 
the practice of land-surveying and making plans of estates, is founded. 

Prob, 21. To make a square equal to two given squares. Make 
the sides DE and DF of the two given squares A and B, form the 
sides of a right-angled triangle FDE ; draw the hypothenuse FE ; 
on it describe the square EFGH ; and it will be the square required. 

Proh. 22. Two right lines AB, CD, being given, to find a third 
proportional. Make an angle HE [ at pleasure} from E make EF 
equal to AB, and EG equal to CD : join FG. Make EI equal to 
EF, and draw Hi parallel to FG j then EH will be the third pro- 
portional required ; that is, EF : EG ; : EH : EI, or AB : CD : r 
CD : EI. 

Prob. 23. Three lines being given, to find a fourth proportional. 
Make the angle HGI at pleasore; from G make GH equal to AB, 
GI equal toCD, and join HI. Make GK equal to EF; draw KL 
through K, parallel to HI ; then GL will be the fourth proportional 
re<iuired, that is, GH : GI : : GK ; GL, or AB : CD : : EF : GL. 

pTob, 24, To divide a giveu line AP in the same proportion as 
another CD is divided. 

Make any angle KHI, and make hi equal to AB ; then apply the 
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several divisioDB of CD, trom H to K, and join KI. Draw the lines 
h e, i f, k g, parallel to IK ; aad the line HI will be divided in e, f, 
g, B3 was required. 

Prob. 25. Between two given lineti AB and CD to find a 
proportional. 

Draw the right line EG, in which make EF equal to. AB, -and FG 
equal to CD. Bisect EG in H, and with HE or HG, as radius, de- 
scribe the semicircle EIG. From F draw FI perpendicular to EG, 
cutting the circle in 1 ; and IF will be the mean proportional re- 
qaired. 

Prob. 26. To describe an ellipsia. 

If two pins are fixed at the points E and F, a string being put 
about them, and the ends tied together at C ; tlie point C being 
mored round, keeping the string stretched will describe an ellipsis. 

The points E and F, where the pins were fiiei, are called theybci. 

The line AB passing through the foci, is called the transverse axis. 

The point G bisecting the transverse axis, is the centre of the 
ellipsis. 

Tlie line CD crossing this centre at right-angles to the tranaverse 
axis, vi t\iK conjugate axis. 

The latuirectum is a right line passing through the focus at P, at 
right-angles to the transverse axis terminated by the carve : this is 
also called the parameter, 

A diameter is any line passing through the centre, and terminated 
by thecur^-e. 

A conjugate diameter to another diameter, is a line drawn through 
the centre, parallel to a tangent at the extreme of the other diame- 
ter, and terminated by the curve. 

A double ordinate is a line drawn through any diameter parallel to 
a tangent, at the extreme of that diameter terminated by the cnrre. 

Prob. 26. The transverse axis AB, and coningate axis CD, of any 
ellipsis, being given, to find the two foci, and from thence to describe 









Take the semi -transverse AE, or EB, and from C as a centre, de- 
scribe an arc, cutting AB at F and G, which are the foci. Fix plus 
in these points ; a string being stretched about the joints FCG, the 
ellipsis is described as above. 

Prob. 27. The same being given, to describe an ellipsis by a trammel. 

The trammel is an instrnment consisting of two rulers fixed at 
right-angles to each other, with a groove in each. A rod with two 
moveable nnts works in this groove, and, by means of a pencil fixed 
in the end of the rod, describes the curve. The operation is as follows: 

Let the distance of the first pin at B, from the pencil at A, be 
equal to half the shortest axis, and the distance of tlie second pin at 
C, from A, to half the longest axis ; the pins being put iu the 
grooves, move the pencil at A, which will describe the ellipsis. 

Prob. 28, To draw the representation of an ellipsis with a compass 
to any length AB, and width CD. 
^Draw BP parallel and equal to £Cj and bisect it at I } then draw 
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1 C aod PD, cutting each other at K ; Insect KC bym peirptedicolar 
meeting CD in O | and on 0» with the radius OC. describe the 
quadrant CGQ. 

Througli Q and A, draw QO, cutting the quadrant at G ; then 
draw GO, cuttinff AB at M ; make £L equal to EM, also EN equal 
to EO. From N, through M and L draw NH and NI -, then M, L, 
N| O, are the four centres by which the four quarters of the ellipsis 
are drawn. 

It must be obsorfedi that thiil is not a true ellipsis, but only an 
approximation to it ; for it is impossible to draw a perfect ellipsis 
by means of compasses, which caa only describe parts of circles. 
But the curve of an ellipsis differs essentially from that of a circle in 
every part ; and no portions of circles put together, can ever fof m an 
ellipsis. But by this means* a figure may be drawn, which ap* 
proMches nearly to an ellipsis, and therefore may be often substi- 
tuted for it when a trammel cannot be had, or When the eHipsis is 
too small to be drawn by it. At the joining of the portions of circles 
in this operation, the defect is not perceivsLble ; and the best way is 
not to join them auite, and to help the curve by hand. 

Prok 29. An e]li|)sis, ACDB, being given, to find the transverse 
and conjugate axis. 

Draw any two parallel lines, AB and CD, cutting the ellipsis mt 
the points A« B, <J« D ; bisect them in e and f. Through e and f, 
draw GH, catting the ellipsis at G aad H ; bisect GH at I ; mnd it 
will give the centre. 

UjMMi I, with any radius, describe a drde, catting the dlipsis in 
the mar points k, 1, m, n ^ join k, 1, and m, n; bisect k 1, orm n, at 

or ^, Through the points o> 1, or I, p, draw QR» cntdng the 
ellipsis at Q and R j then QR will be the transverse axis. Tfairoa^h 

1 draw I'S, parallel to k 1, catting the ellipab aft T and S ^ and TS 
wUl be the eouiugate axis* 

/V(^* ao. To describe an ellipsis sinaar to a given me ADBC, 
to any given length IK, or to a given width IdL. 

li»% aB and CD be the two axes of the pven dfipsis. Throigh 
the points of contact A»D3>C, coaplete ^ rcctaagk GfiHF $ draw 
the diittfonals £P and GH : they wiU p«ss dirongh the centre nt R. 
Throiwhland Kdraw PNaadOQ panMto CD,atitti^tkedn«o- 
naU KP and 0H> at P>N>Q>0. Joia PC and NQ, cMmg CD at L 
aad M ; then IK is the transverse, aadML theconjag«k« aods of an 
eUi^is. that wiU be sinilar to the given dl^ass ADBC, windi any 
h0 described by so«e of the l6i«foiag sKthodk 

|V<4. 3U TVdescfibe a parabefaL Ifntidmd cMsMn MgA to 
BC« be fixt at C» ^ end of a sqswre AB€» and tihe etker cttd be 
txtatFi andilthesifleABelthesqnainbessofedalo^the Mm 
AD, and if the poini £ b» ahmya kepi doee to the eWBC el tke 

Tk*>««* «t<h» |w*Mk » lib* taripwikF, aftMlskklitfc* 
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The direclrix is the line AD, which the side of the square moves 

The axis is the line LK, drawn through the focns F, perpend icnlar 
to the directrix. 

The vertex ia the point I, where the Une LK cuts the curve. 

The latus rectum, OT parameter, m the line GH passing throngli 
the foCQS F, at right-anglea to the asia IK, atid teruiiriati^d by the 
cnrve, 

The diameter ia any Hoe MN, drawn parallel to the axis IK. 

A doable ordinate la a right line RS, drawn parallel to a langent at 
M, the extreme of the diameter MN, terminated by the cnrve. 

The abscissa is that part of a diameter contained between tlie 
cnrve and its ordinate, as MN. 

Prob. 32. To describe a parabola, by finding points in the curve ; 
the axis AB, or any diameter being given, and a double ordinate CD. 

Throngh A draw EF parallel to CD ; through C and D draw DF 
and CE parallel to AB, cutting EP at E and F. Divide BC and BD, 
each into any number of equal parta, aa foar j likewise divide CB 
and DF into the same number of equal parls. Throngh the points 1, 
2, 3, &c. in CD, draw the lines I a, 2 b, 3 c, &c. parallel to CD j 
also through the points 1, 2, 3, in CE and DF, draw the lines 1 A, 
2 A, 3 A, cotting the parallel lines at the points a, b, c ■ then the 
points a, b, c, are in the curve of the parabola. 

Prob. 33. To describe an hyperbola. 

irB and C are two fixed points, and a rule AB be made moveable 
about the point B, a string ADC being tied to the other end of the 
rule, and to the point C ; and if the point A he moved round the 
centre B, towards G, the angle D of the string ADC, by keeping 
it always tight and close to the edge of the rnle AB, will describe a 
curve I)HG, called ao hyperbola. 

If the end of the rule at B were made moveable about the point 
C, the string being tied from the end of the rule A to B, and a 
curve being described after the same manner, ia called an oppeiile 
hyperbola. 

Theyociare the two points B and 0, about which the rule and 
string revolves. 

The transverse axis is the line IH terminated by the two curves 
passing through the foci, if continued. 

The centre is the point M, in the middle of the transverse axis IH. 

llie conjugate axis is the hue NO, passing through the centre M, 
and terminated by a circle from H, whose radius is MC, at N and O. 

A diameter is any line VW, drawn through the centre M, and ter- 
minated by the opposite carves. 

Conjugate diameter to another, is a line drawn through the centre, 
parallel to a tangent with either of the curves, at the extreme of the 
other diameter terminated by the curves. 

Abscissa is when any diameter is continued within the cnrve, ter- 
minated by adonbleordinatQ,aD(lthe curve ; then the {jart within is 
called the abscissa. 
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Double ordinate is a line drawn through any diameter parallel to il 
conjugate, and terminated by the curve. 

Parameter or latus Tectum, ie a line drawn through the focus, per- 
pendicnlar to the transverse uxis, and terminated by the curve. 

Prob. 54. To describe an hyperbola by finding points in the curve, 
having the diameter or axis AB, ita abscissa BG, and double ordi- 
nate DC. 

Through G draw EF, parallel to CD ; from C and D draw CE and 
DF, parallel to BG, cutting EF in E and F. Divide CD and BD, 
each into any number of equal parts, as four j through the points of 
division, 1, 2, 3, draw lines to A. Likewise divide EC and DF into 
the same number of equal parts, viz, four ; from the divisions on CE 
snd DF, draw lines to G ; a curve being drawn through the intersec- 
tions at G, a, b, &c. will be the hyperbola required. 

Remarks, — In a circle, the half chord DC, is a mean proportional 
between the segments AD, DB of the diameter AB perpendicular to 
it. That is AD : DC : ; DC : DB. 

2. The chord AC is a mean proportional between AD and the di« 
ameter AB. And the chord BC a mean proportional between HBv, 
and AB. ' 

Thatis, AD: AC: : AC : AB, 
and BD : BC -. : BC : AB. 

3 The angle ACB, in a semicircle, is always a right. 

4. The square of the hypotennse of a right-angled triangle, is equid 
to the squares of both the sides. 

That is, AC = AD« + DC*, 
and BC» = BD^ 4- DC*, 
and AB*= AC + BC. 

5. Triangles that have all the three angles of the one respectively 
equal to all the three of tbe other, are called equiangular triangles, 
or similar triangles. 

6. In similar triangles, the like sides, or sides opposite tbe equal 
angles, are proportional. 

7. The areas, or spaces, of similar triangles, are to each other« 
as the squares of their like sides. 



MENSURATION OF SUPERFICIES. 

Prob. 1. To find the area of a parallelogram: whether it be I 
square, a rectangle, a rhoml)us, or a rhomboid. 

Multiply the length by the breadth, or perpendicular height, and 
the product will be the area. 

Ex. I. To find tbe area of a square, whose side is 6 inches, or 6 
feet, &c. 
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2. To find the area of a rectangle, whose lengtli is 0, and breadth 
4 inche3> or feet, &c. 
9 
4 

Ansr. 36 



3. To find the area of a rhornhns, whose length is 6 chains^ and 
perpendicular height 5. 
5 
5 

Ansr. 30 

Proh. 2. To find the Area of a Triangle. 

Rule 1 . Multiply the base by the perpendicular height^ and half 
the product will be the area. 

Rule 2. When the three sides only are given : Add the three sides 
together^ and take half the sum ; from the half sum subtract each 
side separately ; multiply the half sum and the three remainders con- 
tinually together 3 and the square root of the last product will be the 
area of the triangle. 

Ex* Required the area of the triangle whose base is 6 feet^ and 
perpendicular height 5 feet. 
6 
5 

2) 30 (15 Ansr. 

Proh. 3. To find one Side of a rifht-angled Triangle^ having the 
other two Sides given. 

The square of the hypotenuse is equal to both the squares of the 
two legs. Therefore, 

1. To find the hypotenuse 5 add the squares of the two legs to- 
gether, and extract the square root of the sum. 

2. To find one leg j subtract the square of the other leg from the 
square of the hypotenuse, and extract the root of the difference. 

Er. 1. Required the hypotenuse of a right-angled triangle, whose 
base A B is 40, and perpendicular BC 30. 
4 3 
4 3 

16 9 

25 (5 the square root of the sum of the two squares, being 
25 the hypotenuse AC. 

* ^k Y 
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2. What is the perpendicular of a rigbNaDgled triangle, whose 
base AB is 56, and hypotenuse^ AC 65 ? 

56 65 
56 65 

336 325 
280 390 

3136 4225 
3136 

1089 ( 33 The perpendicular^ which is the root 
9 of the remainder of the square of the 

hypotenuse AC> when the square 



63 I 189 of AB has been subtracted. 

3 I 189 

Prob. 4. To find the Area of a Trapezoid. 

Multiply the sum of the two parallel sides by the perpendicular 
distance between them, and half the product will be the area. 

£r. In a trapezoid, the parallel sides are AB 7 9 and CD 12^ 
and the perpendicular distance AP or CN is 9 : required the area. 

7 
12 

19 
9 

171 

85^ the area. 
Prob, 5. To find the Area of a Trapezium. 

Case for any ^rape»tMm.— Divide it into two triangles by a dia- 
gonal ; then find the areas of these triangles, and add them together. 
Note. If two perpendiculars be let fall on the diagonal^ from the 
other two opposite angles^ the sum of these perpendiculars being 
multiplied by the diagonal, half the product will be^ the area of the 
trapezium. 

Ex. To find the area of the trapezium ABCD, the diagonal AG 
being 42 , the perpendicular BF 18 , and the perpendicular DE 16. 

18 * - 

16 




2) 1428 



714 the answer 



Til 



Prob. 6. To find the Area of au Irregular Polygon. 
Draw diagonals dividing- the figore into trapeziums aDd triangles, 
en find the areas of all these Bi'parately, aed tlieir sum will be the 
intent of the whole irregular figui'e, 
Ex. To find the content of the irregnlar figure ABCDEF, in 
■bich are given the following diagonals and perpendiculars ; namely, 
c.a 
d.f 



For trapez. dc f' 





53 contents of the irregular 
— polygon. 

pToh. 7. To find the Area of a Regular Polygon. 

Rule. Multiply the perimeter of the figure, or snm of itx sidei, 
by the perpendicularfalling from its centre upon one of its sides, aud 
half the product will be the area. 

Prob. 8. In a Circular Arc, having any two of the following lineB, 
friK. the chord AG, the versed sine DP, tlje chord of half the arc 
AD, and the diameter, or the radius AC or CD given, to find theothers. 

If any two of these lines be given, two sides of one of the right- 
angled triangles, APC or APD, will be known, nod from them I he 
remaining side, and other lines in the arc, may be found by Prob. 3. 

Suppose AB and PD be given, then, by Prob. 3., the half of AB, 
or AP is a mean proportional between DP and PC + CD ; for PC + 
CD + PD is the diameter of the circle, half of which is the radius 
or CA, and by Prob. 3, AC» — AP» = CP*, and AP* + PD» = AD». 

Suppose CD and AB be given, then half ol AB = AP, and 
CD = AC i therefore V CD" - AP» = CP, and CD - 
V>D» + AP' = AD. 

Proli, 9. To find the Diameter and Circumference of a Circle, the 
one from the other. 

Rule I . As 7 is to 22, so is the diameter to the circumference. 
As 22 is to 7, so is the circumfereuce to the diameter. 



mi 
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Rule 2. As 1 13 is to 355^ so is the diameter to the circumference 
As 355 is to 1 13, so is the circumference to the diameter 

Rule 3. As 1 is to 3'1416, so is the diameter to the circumference. 
As 3' 14115 is to 1^ so is the circumference to the diameter. 

Ejt, I. lo find the circumference of a circle^ whose diameter AB 
is 10. 

By Rule 1. 



7 


: 22 : : 
10 


:10: 31-42857 


7) 
or 


220 
31-42857 ans. 






By Rule 2. 




113 


:355::10:31-tVt 
10 




113 )3550 (31-41593 
160 






470 






180 






670 



1050 



330 



By Rule 3« 

1 : 31416:: 10:31-416 
the circumference nearly^ 
the true circumference 
being 
31-4159265358979, &c. 



So that the 2d rule is . 
nearest the truth. 



2. To find the diameter when the circumference is 100. 



22 : 7 : : 50 : 



By Rule 1. 
7 X 25 = 175 



1 o 



11 



s 11 



= 15+^ = 



15*9090 ans 
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By Rule 2. 

355 : 113: : 50 : I5ff 
50 


By Rule 3 

31416: 1 : :50: 15-9156 
50 


55 


5650 


3-] 416)50000 (15-9156 


71 


1130 (15-9155 


) 18584 


420 


2876 


650 


49 




110 


18 



390 2 

350 

Proh. 10. To find the Length of any Arc of a Circle. 
Rule !• As 180 is to the number of degrees in the arc. 
So is 3*1416 times the radius^ to its length. 
Or as 3 is to the number of degrees in the arc. 
So is '05236 times the radius, to its length. 
£^. 1 . To find the length of an arc ADB (Prob. 8,) of 30 degrees, 
the mdius being 9 feet.j 

3-1416 
9 

As 180 : 30 

Or 6 : 1 : : 282744 : 47124 
Or 3 : 30 : : 05236 x 9 : 47124 

90 



47124 the answer. 



Rule 2. From 8 times the chord of half the arc subtract the 
chord of the whole arc, and ^ of the remainder will be the length of 
the arc nearly. 

Ex, 2. The chord AB {Proh. 8.) of the whole arc being 4*65874, 
and the chord AD of the half arc 2'34947 j required the length of 
the arc. 

2-34947 
8 



1879576 
4-65874 

3) 1413702 



4*71234 answer. 



694 
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Proh, 11. To find the Area of a Circlej the diameter or circum* 
ference being given. 

.Rule 1. Multiply half the circumference by half the diameter. 
Or^ take \ of the product of the whole circumference and diameter. 

Rule 2. Multiply the square of the diameter by *7854. 

Rule 3. Multiply the square of the circumference by '07 ^5S. 

Rule 4. As 14 is to 11, so is the square of the diameter to the 
area. 

122^ 5. As 88 is to 7, so is the square of the circumference to the 
area. 

J&r. To find the area of a circle whose diameter is 10| and cir- 
cumference 314*159265 



By Rule 1. 
31-4159265 
10 

4)314-159265 

area 78 539816 



Bj Rule 2. 

•7854 
100 



area 78*54 



By Rule 4. 
14: 11 : : 100 

1 1 area 

14 I 1100 I 78-57 
98 

120 
112 



80 
70 

100 

98 



By Rules. 
■q. circ. 98696044 
invert. 85970 

6908723 

888264 

49348 

7896 



78-54231 area. 



By Rule 5. 
31-4159265 circum. 
562951413 invert. 

94247779 

3141593 

1256637 

31416 

15708 

2827 

63 

19 

2 



:7: 


: 986-96044 

7 


8 


6908-72308 


11 


863-59038 



78*50821 
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Proh, 12. To find the Area of the Sector of a Circle. 

Rule 1 . Multiply the radius^ or half the diameter, by half the 
arc of the sector^ for the area. Or take ^ of the product of the dia- 
meter and arc of the sector. 

Note. The arc may be found by problem 10. 

Rule 2. As 360 is to the degrees in the arc of the sector, so is 
the whole area .of the circle, to the area of the sector. . 

Ex. What is the area of the sector CAB> the radius being 10» and 
thechord AB 16. 

100=AC* 
64 =AE« 



36 (6=CE 
10=CD 



4=DL 



16=:DE« 

64=AE» 



80 (8-9442719= AD. 
8 



715541752 
16 



3) 55-5541752 



2) I8'5180584arc ADB 



9-2590297 = half arc 
10 = radius 



92-590297 answer. 



Proh, 13. To find the Area of a Segment of a Circle. 

Rule. Find the area of the sector having the same arc with the 
segment, by the last problem. 

Find the area of the triangle, formed by the chord of the segment 
and the two radii of the sector. 

Then th^ sum of these two will be the answer when the segment is 
greater than a semicircle : but the difference will be the answer 
when it is less than a semicircle. 
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Ex, Required the area of the segment ACBD^ its chord AB being 
12, and the radius EA or C£ 10. 





100 AE* 
36AD« 




64 DE- 


its root 
from 


8DE 

lOCE 




2 CD 




4CD» 
36AI>» 




40 chord AC» 


its root 


6-324555 chord AC 

8 



6 AD 
8 DE 

48 area of A EAB 



50596440 
12- 

3)38-59644 



2)12-86548 arc ACB 



6-43274 i arc 
10 radius 



64-3274 area of sect. EACB 
480000 area of triangle EAB 



ans. 16*3274 area of segm. ACBA 



Prob. 14. To find the Area of a Circular Zone ADCBA. 

Rule 1. Find the areas of the two segments AEB> DEC» and their 
difference will be the zone ADCB. 

Rule 2. To the area of the trapezoid DQP add the area of the 
small segment ADR 3 and double the sum for the area of the zone 
ADCB. 

Prob, 15. To find the Area of a Circular Ring, or Space included 
between two Concentric Circles, 

The difference between the two circles will be the ring. Or, mul- 
tiply the sum of the diameters by their difference, and multiply the 
product by '7854 for the answer. 

Ex, The diameters of the two concentric circles being AB 10 
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and DG 6, required the area of the ring contained between their 
circumferences AEBA> and BFGD. 

10 7854 

6 64 



sum 16 31416 

dif. 4 47124 



64 50-2656 Ausr 



Prob, 16. To measure long Irregular Figures. 

Take the breadth in several places at equal distances. Add all 
tue breadths together^ and divide the sum by the number of them, 
for the mean breadth ) which multiply by the length for the area. 

£r. The breadths of an irregular figure^ at five equi-distaut 
places being AD 81, mP7*4, nq 9'2, or 101, BC8-6 5 aud the 
length AB 39 -, required the area. 




5) 43-4 




7812 
2604 

338-52 Ansr. 



MENSURATION OF SOLIDS. 

Prob. 1 . To find the Solidity of a Cube. 

Cube one of its sides for the contents ^ that is^ multiply the side 
by itself, and that product by the side again. 
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£r. If the side of a cabe be 24 inches, what is its solidity or contents } 

24 
24 




2304 
1152 



13824 Ansr. 
Proh. 2. To find the Solidity of a Parallelopipedon. 
Multiply the length by the breadth^ and the prodacts by the depth 
or altitude. 

Ex, Required the contents of the parallelopipedon whose length 
A6 is 6, its breadth AC 2, and altitude BD 3. 

6 
2 

12 
3 

36 Ansr. 
Proh, 3. To find the Solidity of any Prism. 
Multiply the area of the base^ or end^ by the height^ and it will 
give the contents. 

Which rule will do^ whether the prism be triangular or square, or 
pentagonal, &c. or round, as a cylinder. 

Ex, What is the content of a triangular prism, whose length is 
1 2, and each side of its equilateral base 8 ? 

Area of base, 28 x 12=336 contents. 
Prob. 4. To find the Convex Surface of a Cylinder. 
^ Multiply the circumference by the height of the cylinder. 
Prob. 5. To find the Comdex Surface of a Right Cone. 
Multiply the circumference of the base by the slant height^ or 
length of the side, and half the product will be the surface. 

Ex, If the diameter of the base be 5 feet, and the side of the 
cone 1 8, required the convex surface. 

31416 
5 

157080 circumf. 
18 

125664 
15708 



2 ) 282744 



141-372 Ansr. 



Proli. 6. To find the Convex Surfaceof the Fmshim of a Right Cone 

Maltiply the buiu of the perimeters of the two ends by the sknt 

height or »ide of the fruatam, and half the product will be the surface. 

Ex. If the circiimfereDces of the two ends be ]2'5 and 10*3, and 

the slaut height 14, required the convex snrface of the frnstuiti. 

12'5 

10-3 



2 ) 319-2 

159-6 Ansr. 

Prob. 7. To find the Solidity of a Cone, or any Pyramid. 

Multiply the area of the base by the perpendicular height of the 
area, and one-third of the product will be the contents. 

Prsb. 8. To find the Solidity of any Frustum of a Cone or Pyramid. 

Ru/e. Add together the area of the base, the area of the upper 
Kurface, and the mean proportional between those areaa ; take one- 
third of this sum for the mean area, which multiplied by the height 
will give the contents. — Or, for a cone, take the square of each dia- 
meter of the base and upper surface, and the product of these two di- 
ameters multiplied together j add these three sums together, and 
multiply by -2618 for the mean area, which maltiply as before, 

Or, if the circumferences be used in like manner, instead of their 
diameters, the multiplier will be -02654. 

£j. What is the content of the frustum of a cone, whose height 
is 20 inches, and the diameters of its two ends 28 and 20 inches .' 
" aof base 615-79 




Area of upper surface 3 14' I 
Mean proportional 439*8^ 



20 



3 ) 136979 56 



9I3I-5640 Anir. 
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Proh, 9. To find the Solidity of a Wedge. 

To the length of the edge add twice the length of the back or base^ 
and reserve the sum \ multiply the height of the wedge by the 
breadth of the base ^ then multiply this product by the reBerved sum, 
and one-sixth of the last product will be the contents. 

£<r. What is the contents of a wedge, whose altitude AP is 14 
inches^ its edge AB 21 inches, and the length of its base DE 32 
inches^ and its breadth CD 4^ inches ? 
21 14 



32 
32 

85 



4JL 



56 

7 




5355 
892*5 Ansr. 
Proh, 10. To find the Solidity of a Prismoid. 
Definition.'^A prismoid differs only from the frustum of a pyramid, 
in not having its opposite ends similar planes. 

Rule. Add into one sum, the areas of the two ends and four times 
the middle section parallel to them, and one-sixth of that sum will be 
a mean area ; and being multiplied by the height^ will give the 
contents. 

Note. — The length of the middle section is equal to half the sum 
of the lengths of the two ends 3 and its breadth is equal to half the 
sum of the breadths of the two ends. 

Ex. What are the contents of a prismoid whose ends are rec- 
tangles, the length and breadth of the one being 14 and 12 ; and 
the corresponding sides of the other 6 and 4, the perpendicular height 
being 30| ? 

14 10 6 

12 8 4 



168 



80 
4 




6 ) 512 



24 
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85-1' mean area. 
30| height. 


2560 
42-!- 


2602-6 Ansr. 
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ProL 1 1 . To find the Convex Surface of a Sphere or Globe. 
Multiply its diameter by its circumference. 

JVb/e.«— In like manner the convex surface of any zone or segment 
is founds by multiplying its height by the whole circumference of the 
sphere. 

Ux, Required the convex superficies of a globe> whose diameter 
or axis is 24. 

31416 

24 diam. 



125664 
62832 



75-3984 circumf. 
24 



3015936 
1507M68 



1809-5616 Ansr. 



Proh. 12. To find the Solidity of a Sphere or Globe. 

Multiply the cube of the axis by '5236. 

Ex. What is the solidity of the sphere, whose axis is IC > 

12 

12 

144 
12 



1728 
•5236 

10368 
5184 
3456 
8640 

904-7808 Ansr. 
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Proh. 13. To find the Solidity of a Spherical Segment. 
To 3 times the square of the radios of its base add the square of its 
height ; then multiply the sum by the height^ and the product again 

by -5236. 

Ex, Required the contents of a spherical segment^ its height 
AB being 4, and the radius of its base CD 8. 

8 4 -5236 

8 .4 832 



64 
3 

192 


16 
192 

• 

208 
4 


10472 
15708 

41888 


435-6352 Ansr. 



832 

Proh. 14. To And the Solidity of a Spherical Zone or Frustum. 
Add together the square of the radios of each end and 3- of the 
sqaare of their distance^ or the height -, then multiply the sum by 
the said height^ and the product again by 1*5708. 

J?<r. What is the solid contents of a zone, whose greater diame- 
ter is 12, the less 8, and the height 10 inches ? 

6 4 ^ 10 

6 4 10 

36 16 3) 100 

33i 

854- 
1-5708 




78540 
125664 
5236 

134-0416 
10 



1340-416 Ansr. 

Prob. 15. To find the Surface of a Circular Spindle. 

Multiply the length AB of the spindle by the radius OC of the re- 
yolving arc. Multiply also the said arc ACB by the central dis- 
tance OE, or distance between the centre of the spindle and centre 
K>f the revolving arc. Subtract the latter product from the form^^ 
and multiply the remainder by 6'2832, for the surface. 

Note, The same rule will serve for any segment ^ 
perpendicular to the chord of the revolving an^ an 
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ticolar length of the part, and the part of the arc which describes it, 
instead of the whole length and whole arc. 

Ex. Required the surface of a circular spindle, whose length 
AB is 40, and its thickness CD 30 inches. 

Here, by Ihe repia rks at pa. 68 8. 
The chord AC = ■/ AE» + CE* = V 20» + 15' = 25, 
and 2 CE : AC ; : AC ; CO =-§4' =20.^. 
hence OE = OC - CB = 20^ - 15 = 5f. 
Also, by problem 10, rule 2, pa. 693 
25 AC 



200 
40 AB 



Then, byoorrnle, 
20f 53i- 

40 5^ 

800 266f 

33+ 44|- 



522io 

6-2832 

10444 

156666 

4177777 

10444444 

313333333 


r 5222 or i^ 

Or thus, 

6-2833 
4700 

439924 . 
251328 


9 ) 2953 104 
3281-226 1 


3281-22666 





ans. nearly 

Prob. 16. To find the Solidity of a Circnlar Spindle. 

MnKlply the central distance OE by half the area of the revoling 
segment AC13EA, Subtract the product from 4- of ihe cube of EA, 
halt the length of t!ie spindle. Then multiply the remainder by 
125664, or 4 times 3'I416,for the whole contents 
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Ex. Required the contents of the circular spindle^ whose length 
AB is 40^ and middle diameter CD 30. 

By the work of the last problem. 



we have OE = 6|- 


20 half length 


and arc AC = 26^ 


20 


and rad. OC = 20-§. 


- 




400 


533^ 


20 


22f 




— 


3 ) 8000 


Sector OACB 555i 
AExOE=OAB 116^ 




26664 




1280^ 


2 ) 4384 








13864- 


^seg, ACE 219-J. 






OE 5^ 


or 1386-44 




4665-21 mult invcr. 


1097-I- 




183 nearly 


138644 




27739 


1280-1- 


6932 


• 


832 




83 


- 


5 


.'» 


17423-5 Ansr. 



Proh. 17. To find the Solidity of the Middle Frustum or Zone 
of a Circular Spindle. 

From the square of half the length of the whole spindle^ take -f- 
of the square of half the length of the middle frustum^ and multiply 
the remainder by the said half length of the frustum.— Multiply 
the central distance by the revolving area, which generates the mid- 
dle frustum. — Subtract this latter product from the former -, and the 
remainder multiplied by 6*2832, or twice 3'1416> will give the 
contents. 

Ex, Required the solidity of the frustum, whose length m n is 
40 inches, also its greatest diameter EF is 32, and least diameter 
AD or BC 24. 

Draw DG parallel to m n, then we 
have DG = |m n = 20, 
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and EG = 4EF - 4AD = 4, 
diord DE«= DG« + GE* = 416, 

and DE« -i- EG =: —=: 104 the diameter of the generating 

^ circle, 

or the radius OE = 52, 

hence OI sr 52 — 16 = 36 the central distance, 
and HI« = OH* - 0I« a= 52«- 36« = 1408, 
§DG« = ^of400 =s .. •• 133i, 

1274t 
DG •.. ., 20 



25493-1- 

■■ Ist. prod. 



GE -f 2 OE = -i-= 1= 03846 a ver. sine 

104 26 

Its tab. segment • . '00994 

but 104* is .. 10816 



area of seg. DECGD 1 07*5 1 1 04 

mD X mil == 12 X 40 480* 



gener. area m DEC n 587*5 1 1 04 

01 36 



21150*39744 2d product 
25493-33333 1st product 

4342-93589 

2382*6 mult. inr. 



260576 

8686 

3474 

130 

9 



27287-5 Ansr. 



Prob, 18. To fiud the Superficies or Solidity of any Regular Body. 

1 . Multiply the tabular area (tuken from the followiug table) bj 
the sauare of the linear edge of the body for the superftcies. 

2. Multiply the tabular solidity by the cube of the linear edgc^ 
for the solid contents. 



? I 
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DimnisHBD trch 

DOOIM 

DislFmpFr pninlLDg.** ■ •• • • • ■ • • 

Doe-Wgcd Blairs •••■ 

Domes.. 573,575, 

Spheriral, lo construct.... 

Double plain lile creasing 

DoTC-lail notching .,,...>.>. 
Dovr-Uiling : jnltiery ........ 

Braiai, Tn«nsur>lion of 

Draught, in stone- cutting 

Dryers for palnliug .......... 

Ellipiu, geametrf 

EUipiicil arch, to eonHrUct .... 
English bond, in bricltUying . . 

Exindos of an irch 

Exlndoned arch 

FacB mould for rerolls .... S99, 
Fillinc laould for handrails .,., 
I'llliBter, Died in joinery ...... 

Pine iluff: plastering 

Flinke or haunchei of an arch. , 
Flat-juiiu poiniin; : brickworic.. 
Fleinisb bond, in brkklaying ,. 

Flooring ......,,,., 

Foundaiian, imporlance of .... 

■Fret-work, glaiing 

FroM and rain^ la guard brick- 
woik againA 

GiNiBitL expUaalions : building 
GeoiDelrical problems ........ 

Geomedy, definition of 

- EiplanulLoii of letma used 
in 673, 

German aheet glais.. ., 

Class, qualilieaof 

Glaziers' tools, names, deiertp- 
tton, and uses ... 

Work, mensuration of.... 

Glaiin^, deflnition of 

Glazing Irons for plumbers' work 

Grey slocks, bricks 

Groined vault, to construct . MO, 
Grooving, catpeniry 

Guage stuff: plastering.,... ,, 

HiLF paces, El airs 

Harrd-riil, section of 

10 draw the scroll of 

Hangint; flaps, doors, ftc 

Haunches or Banks of ta arch . . 



B BUItDRX'l PHACTICAI. GOIDS. 

Heightofrooft 574 

or riae of an arch 539 

Hirfc-joint pointing; brickwork 355 
Hifgins, t>i-, on the ingredienti 

in mortar Ml 

Hinges, mods of placing i.... . SSI 

Hippearoofs- 573 

luPEKFECT arch 540 

Imperial slaling; 622 

luflcribin; and circumscribing va- 
rious S 2 ures 683,684 

[niradosnf an arch 539 

Inverted arch, for foundalioii .. tfl9 

Jib-door: Joirwrf 589 

Joggles 573 

Joiners' work, meaiurea eoMon* 

aryin 602 

Joinery, general dellnitioit of, S60. 581 

I'ools u.^ed in 593,586 

Joinius beams .............. 561 

Joint, abutting, fte 564 

Inngiludiaal 561 

Mitre 564 

Mortice and (enon 564 

Notched 664 

Jaidi, tumbling in..... ........ 5G7 

Kiuis for burning brieka 634 

King bolt, &c. in irui^ng .... 663 

Post 57a 

Roof 673 

Latbiho, floating and mt : plu. 

Icring 612 

lajingandsel 612 

Lilhs, laihine 611 

Laying, Plastering 612 

Lead, roasting and smelting ,.,. 629 

work.gleiing 638 

LBan-to, or shed roof 573 

Ledge. door. Joinery 589 

Leogthening beama by scarfing . 56t 
Lime and hair for plastering .... 610 
and aand, proportions of, in 

"artnr. 531 

precautions m slaekiiig ,.., 531 

properties of: plisterioe .. 607 

Lintels, bond-timbers, walt-^alea S6S 

Longitudinal Joint 564 

Marls, brick* ........,,,,.. 536 

Masonry df flnilion of 536 

Masntis" wort, mensuration 0/ .. 5<3 

Mensuralf™ of brick-work 550 

^^ — Carpenters' work 679 

i — Drains . . ^ 555 
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Mvniuralioi 



ofGI.i 



ork .. 



C39 



Masons' woik 54,1 

Painlers' work B42 

Faffing 555 

Plislerers' work 627 

Plumbers' woik Gl^s 

SlaWra' work 627 

SLperficiM*!!!!..."..' 688 

Tiling 550 

Ueihod orEoniiMtinf Btruu .... 5GS 

Milre box, nied in jainBry,,... . 585 

— ^joint 564 

Motlar, component ingiedienU of 531 

Mortise and lenon j oint 564 

Moulding bricks 533 

Planes used in Joinery 583 

eisl in wax : plislering.. .• 616 

Mouldsfar eirculsihuid-riiil.... COl 

Nakic, or carcase flooring .... 569 

Newels, in stairs 597 

Niche, conslrucLion of 577 

Notched joint 564 

Notching, dave-iail 56S 

Painters' vork, wensuralioa ot ^42 

PainlinE, dcflnilion of (539 

. direction! and caolioiu 639, 642 

on Slucco, caloun for .... 642 

Pair of pcincipats, toof 569 

Pannelled door : joinery 539 

Fatallel joint scatf jga 

Parilielogratns, deflniiionsof ,. 673 

Parallelopipedon.definilionor .. 677 

Paiket's cement gig 

Patent bricks, Cartwright's .... 535 

- — Slaliog 622 

Pavinghricka 535 

Mensurwionor 555 

PendanlivB cradling 5JS 

Perfect archea 540 

Piling foundation, when necenary 529 
Pilch board, for Hairs .... 599,600 

ofaroof 573 

Placebrick 535 

Planing: carpentry 560 

Plano-cjiindrie arch 541 

PtaitetofPaiii: pluiering 61)9 

— preparaiion of 6r'7 

PUslcrera' *o.l:, mcnflura^on of 627 

Plaslerint, defiiiilion of 606 

Tools u»ed in 606 

Plaleglas 637 

Plumbers' tools, names, descrip- 

lions, and uses of 628 
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Plumbers' work, deBnitioD of ,, 62S 

mensuralion of ..... . 635 

Poinling brickwork 554 

Poleplatra 673 

Polygonal dome, lo construct .. 576 

Poligons, names of 673 

PricMnfup: plastering 613 

Principal braces 578 

Problems, ^eomd I rical 631 

Pug mill, for brick cl»y 533 

Puncheons, Too^ 573 

Putline 571 

QuABTKR paces, sluis 594 

Queen posts 573 

RAFTBHa, conslTuclian of: roafa 569 

Ramminf; foundation .....,.,., 5;tO 

Rampant arch.. .,.,..... 540 

Rebated bricks, CBrlwrigbl's pa- 
tent 536 

Rebating : carpentry . ■ . < 560 

Rendering and set : plastering .. 613 

R«olved roof 573 

Ribs of niches, to gel out 578 

Rise or height of an arch 539 

Roofs, construction of, 669. 573, 575 

Rough casting ; plaslerinj; 614 

stone work, to measure. . . . 546 

Rubble wall 537 

Run of bird's moulh : brickwork 555 
■ — cut-splay ; brickwork . . 555 

Sagiing beams, lo prevent .... 663 

Sand used iu morl*r, qualities of 530 

StsU frames, cashes, and shullera 592 

work : glazing 636 

Saws, various jorts of: joinery.. 584 
Scabbling bammer, for rubble 

work 537 

Scasliola: plastering 619 

Scarfs, sea rSng beams 56I 

Screed: plastering 613 

Section of a band-rail 539 

Section of the hollow of an arch 639 

Semicircular orcb, moulds for .. 641 

Shaft of a column, lo glue up . . 587 

Sbed roof, or lean-to 573 

Sheet lead, cast or milled 630 

Single plain tile creasing 554 

Single step scarf 56I 

Slaking lime 531 

Slaters' tools 622 

work, mensnrilinn of 627 

Slates, names, sizes, and qnalitiei 622 

Slaliog, definition nf 621 

Suiealon's experimenls on mortar 631 

Soflluof arche 542 

Solder, composition and use oF .. 63j 
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Solids^ mensuration of • • 697 

— • of various figures, names 

and definiUons of 677, 679 

Span or chord of an arch 539 

Spherical domes, to construct, 542, 576 

Sphero-cylindric arch 541 

Spring of the plank : handrails . • 601 

— « walls of an arch • 539 

Springing lines of an arch . • • • 539 

Stained glass •••••••• 637 

Stairs, construction of • 593 

— — Brackets..,.. 594 

^-^ 0og-legged « • . . • 594 

— Geometrical •••! ••• 594 

Steining wells • 549 

Story- rod, to regulate stairs . . . • 595 

Straight vault , 540 

Straining beam , 572 

Cell 572 

Strapping scarfs 562 

Straps for strengthening joints . . 567 

Strength of timber 570 

Strengthening beams by trussing 561 

String board for stairs 597 

Struts 572 

Stucco, mode of working, &c. . , 617 

Trowelled : plastering .... 614 

Superficies, mensuration of «... 688 

Surbased domes 575 

Surmounted arch 540 

i domes 575 

Tables of brickwork 556,559 
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Tempering clay for bricks ••%••« 532 

Tenon and mortice joint ...••..• 564 

Tension, strain of timber 570 

Thorough-stones in rubble-work 538 

Tiling, mensuration of 550 

Timl^r, strength of 570 

Tools used by Glaziers ,.,••.•• 636 

Joiners 582,586 

— ^ — — Plumbers. 638 

— Slaters 622 

Triangles, names of ..•••.•••• 673 

Trowelled stucco : plastering • • 61 4 

Truncated roofs • • 573 

Truss, trussing beams • • . . 561. 

Tumbling in joists ••• 567 

Tusktenon 566 

Uncoubsbd rubble work •••••• 537 

Vault, definition of ..;... 540 

— - Groined, to construct . . . 542 

Straight 540 

Venetian composition : plastering 621 

Wall- PLATES, lintels, bond tim- 
bers 568 

Walling, cautions relative to . . 547 

Wax moulds for plasterers ... 616 

Wells, sleining 549 

Westmoreland date 622 

Window shutters, folding flaps, &c. 592 

Windsor bricks, red , 53$ 
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